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WITH ASCO POPPET TYPE 4-WAY SOLENOID VALVES 


Dead tight shut-off—even on air—is assured 
in these four-way valves through poppet 
seals, and by a unique combination of metal 
to metal and resilient seating. No lapping, 
grinding or close adjustments are necessary 
—no binding or leaking can occur. Short 


Operation: ASCO Single Solenoid 4-way 
Valves are power-driven in both directions 
by line pressure. When the solenoid is 
de-energized, line pressure applied to the 
top of the piston core forces it off the seat, 
eliminating possible sticking due to re- 
sidual magnetism. Line pressure is applied 


piston disc assembly travel, basic design 
simplicity eliminate maintenance problems. 
ASCO 4-way Valves are available in %” 
through 1” sizes, in standard, explosion- 


to Chamber A, moving the piston-dise as- 
sembly to the left. When the solenoid is 
energized, Chamber A is exhausted and 
line pressure drives the piston to the right. 
Single solenoid type (illustrated) operates 


when solenoid 1s energized; returns auto- 


proof or water tight enclosures. They can 
matically when de-energized. 


be mounted in any position, and permit 
cycling rates to 850 per minute. 


(PRESSURE) C2 EXHAUST Cl 
C2 EXHAUSTS AND PRESSURE MOVES TO CI 
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New! Catalog No. 202 covers the 
ASCO line of Solenoid Valves. 
Write for your copy today. 


For Immediate Delivery... 
World’s largest stock of 
Solenoid Valves. A complete 
Solenoid Valve Stock List will 
be sent to you with your copy 

; r of Catalog No. 202. 

Dual Solenoid (Bulletin 8344): operates J.I.C. Construction (Bulletin 8346) ASCO 

when either solenoid is energized; will Single and Dual Solenoid Valves can be 

not return until opposite solenoid is en- furnished to Joint Industry Conference re- 

ergized (single solenoid types return when quirements—valves are provided with sub- 

de-energized). In dual solenoid valves, sole- plates, vapor-proof solenoid enclosures, and 

noids may be energized continuously or manual overrides, and are electrically in- 

momentarily. operative with the cover removed. 


ASCO Valves 


Automatic Switch CO. 54a HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFEK S OID VALVES » ELECTROMAGNETIC CONTROL 
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4 flow-regdlating valves 
4 


Yn" Rey pipe sizes 


air to 250. psi 
oil and water to 1,000 psi 


PROBLEM? | how to replace a 1/4" valve with a 


less-costly 1/8" valve (and get extra precision ir low-flow ranges) 


SeLUTIOn~s NEW MEAD DYNA-TROL VALVE 


Check these design advantages 
of the new MEAD DYNA-TROL 
flow-regulating valve: 


e Adjusting sleeve — easily rotated 
by hand—locks to any setting 
and cannot be accidentally re- 
moved from valve body 
Calibrated sleeve records settings 
for future reference 
Knife-edge variable orifice re- 
duces flow distortion caused by 
viscosity changes in working 
medium 

e No internal springs to cause 
malfunction 

e All parts rust-proof 

e Wide operating range: —40° F. 
to +250° F. 


Small, economical MEAD DYNA-TROL flow-regulating 
valves can replace more costly valves of larger pipe 
size. Reason: Internal design permits pneumatic or 
hydraulic flow equal to full pipe area in both di- 
rections. The first 360° turn of the adjusting sleeve 
increases flow from zero to about 10% of potential 
—a new measure of precision in low-flow ranges. 
Successive turns accurately reach 100% of pipe ca- 
pacity. To cut costs and give exacting control to 
piston speeds, specify MEAD DYNA-TROL valves to solve 
your flow regulating problems. For information on 
quick delivery, write to MEAD today. 


PRODUCTS FOR AUTOMATION 


MMF’ 
FLUID DYNAMICS 


A DIVISION OF MEAD SPECIALTIES CO. 
4114 N. KNOX AVE., Dept.1051 CHICAGO 41, ILL. 


ASK YOUR MEAD MAN for more dollar-saving automation ideas 
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Silicone rubber has been found by many 
designers to be the material needed for their 
“special” application. Whether you are 
designing space vehicles, high-performance 
aircraft components, radar or electronic com- 
ponents, parts for nuclear applications, or 
seals for use in an automatic transmission or 
steam iron you too will probably be able to 
improve your product through the use of 
silicone. In many of these applications, sili- 


cone with its unusual properties is a must. 

To make silicone even more useful to 
designers, Minnesota Rubber fabricates parts 
by injection molding. This exclusive method 
of molding produces parts which are com- 
pletely uniform in all respects. You know 
exactly what you are getting when you spec- 
ify silicone parts or extrusions from Minne- 
sota Rubber. 


TYPICAL PROPERTIES OF MINNESOTA RUBBER SILICONE COMPOUNDS: 


Temperature range . 

Tensile strength, psi 

Tear strength, Ib/in. . . . 
Elongation, %. . ‘ 
Compression set, % @ 300° F 
Hardness range, durometer 
Dielectric strength, volts /mil 


-130 to 500° F 
600 to 900 

40 to75 

150 to 300 

15 to 40 

20 to 90 

400 to 500 


Oil resistance, depending on oil—good to excellent 


FOR MORE INFORMATION ON SUL NNE 


Fiona COVER TO BIND YOUR 
~ MR “FACTS FOR FILING” PAGES — 
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WRITE: 


DEPARTMENT 818 ¢ 3630 WOODDALE AVENUE 
MINNEAPOLIS 16, MINNESOTA 


OFFICES in: NEW YORK @ PHILADELPHIA ©@ CLEVELAND © BUFFALO @ DETROIT @® CHICAGO @ MILWAUKEE @ ST. LOUIS @ 


DENVER @ HOUSTON @ LOS ANGELES @ 
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PORTLAND 


@ QUAD CITIES @ ST. JOSEPH, MICHIGAN @ DALLAS 
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Front Cover: The ups and downs of 
conical-disc springs provide the 
theme for artist George Farnsworth’s 
cover design. Arthur D. Brickman 
smooths things out on Page 141 
with his simplified method for de- 
signing these compact springs. 


Electric Engines for Power in Deep Space ....... 26 


DONALD BOLDMAN—News Report—A look at electrothermal, ion, and magnetohydro- 
dynamic engines as possible sources for low-thrust power outside gravity fields. 


Engineering or Research ............++.+.--. 130 


DELMAR W. KARGER and ROBERT G. MURDICK—How company size and product affect 
the relative emphasis placed on engineering and research functions. 
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ARTHUR D. BRICKMAN—A simplified approach for designing springs with specific load- 
deflection characteristics in a minimum amount of space. 
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RAY H. KING—How to select air and hydraulic couplings which provide instant con- 
nection and disconnection and eliminate line draining or priming. 


Inverted Slider-Crank Mechanisms ........... 159 


GEORGE A. BUCCI—An approximate equation for finding the relationships in a system 
where a rotating crank produces large-amplitude pinion oscillation. 


Pressure-Tight Gray-Iron Castings ........... 162 


CHARLES F. WALTON—A design guide to factors which make gray iron suitable for 
pressure-tight applications: Nonporosity, soundness, strength, machinability, rigidity. 
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WOODROW D. NELSON—Part 3: Materials, Mounting Details, Lubrication—Essential 
assembly and manufacturing details in the design of a Spiroid gear system. 
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JOHN E. JUDD—A simple method for measuring vibration amplitudes. 
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LAWRENCE L. MARGOLIN—Data Sheet—How to calculate slopes and deflections of 
loaded beams when material is uniform but bending moment and moment of inertia vary. 


Metals at Low Temperatures ..... ........ 182 


R. E. LISMER—Design Abstracts—Low-temperature data on copper and copper alloys, 
nickel alloys, austenitic stainless steels, and low-carbon nickel steels. 
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COLIN CARMICHAEL—Editorial 


Engineering News 
Cessna in-line twin Tiny diodes 
Graduvate-student data Chrysler gas turbine 
Thermoelectric cooling Sodium fuel cell 
Optical radar Thermal drill 
Titanium casting Metals Matters 


Picture Report 
Meetings and Shows 
Short Courses and Symposia 


Scanning the Field for Ideas . . 


Stroboscope-illuminated scale indicates transmitted torque—liquid stop 
limits return stroke of piston—flexible-flap valve controls air access to 
vacuum lifter—fluidizing gas provides low-friction support—integrally cast 
joint reduces number of parts—balanced throttling valve reduces effect 
of inlet-pressure variation—alternate power paths provide quick-change 
gear ratios—compound venturi increases efficiency of fluid introduction— 
cam-controlled magnet provides reference input. 


EGE: 5's 8403-9 6 oo 0 + + + eo 


Snow rides jet air stream to eliminate fall-out—truss design eliminates 
bending moments in pump frame—gate control detects and removes 
foreign particles—moving-belt distilling system spots hot contamination— 
packoged hydrostatic transmission splits power for stepless drive—two 
different systems use work-to-heat converters for dynamic braking. 
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ra are 
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MIDVAC INCREASES 
STRESS RUPTURE LIFE 
6 TIMES FOR JET 
TURBINE PARTS 


al 


MIDVAC STEELS ARE PRODUCED BY THE MIDVAC PROCESS 
OF CONSUMABLE ELECTRODE MELTING 


When maximum reliability in the high temperature range and minimum rejects are 
required that’s the place to specify Midvac Steels. These steels assure super alloys 
of increased tensile, higher impact properties, improved stress rupture strength at 
elevated temperatures and longer fatigue life. 

As an example air melted No. 901 had excellent high temperature strength, 
but often failed slightly below the required stress rupture hours (15) with little to 
spare over the minimum ductility requirements. Well over 100 hours can be 
attained with Midvac melted No. 901. 

The Midvac Process of consumable electrode melting eliminates atmospheric 
contamination, ingot soundness is improved, segregation is reduced, workability is 
increased and product quality is stepped-up. Midvac Steels are offered in many 
alloys as billets or forgings to meet the most critical design specifications of jet 
engine parts, missile and aircraft components and other products requiring 
properties beyond the capabilities of conventional steels. Let M-H metallurgists 
help you select the right alloy to meet your product's specifications. Write... 


MIDVALE-HEPPENSTALL COMPANY e NICETOWN, PHILADELPHIA, PA. 
SUBSIDIARY OF HEPPENSTALL COMPANY, PITTSBURGH, PA. 
Plants: Pittsburgh, Pa. * Bridgeport, Conn. * New Brighton, Pa. 


Y Midvac Steels. 


VACUUM AND CONSUMABLE ELECTRODE STEELS * BACK-UP ROLL SLEEVES » FORGED STEEL ROLLS * FORGINGS 
RINGS « PRESSURE VESSELS + INDUSTRIAL KNIVES «© DIE BLOCKS «© MATERIALS HANDLING EQUIPMENT 


- 
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In-Line Twin Aims at Single-Engine Safety 


Wicuita, Kansas—Engine-out pro- 
cedures for a conventional light 
twin, while routine for the high- 
time professional, can put the busi- 
_ ness-man pilot in a fix if he makes 
the wrong moves. Cessna Aircraft 
has cut the operation to the mini- 
mum in Skymaster—a revolutionary 
four-place business plane with trac- 
tor-pusher twin powerplants. 
Announcing first flights for the 
Skymaster, Cessna said it will cover 
more of the utility transportation 
spectrum than any other twin-en- 


gine airplane. The engine arrange- 
ment (tractor engine-propeller 
ahead of the cabin, pusher combina- 
tion at the rear) was selected for 
several reasons, but chiefly to as- 
sure greater safety for single-engine 
operation. “If for any reason one- 
engine operation is necessary,” says 
D. L. Roskam, aircraft division vice 
president, “the Skymaster stays on 
the center of thrust, making it safe 
and simple for any pilot to fly, elim- 
inating single-engine procedures.” 
Cessna anticipates that the new 


More Engineers Pursue Advanced Degrees 


Ursana, Iii.—Although fewer col- 
lege freshmen choose engineering as 
their field, the number of graduate 
engineers going after advanced de- 
grees increased last year. According 
to a survey published by the Ameri- 
can Society for Engineering Educa- 
tion in Journal of Engineering Edu- 
cation, 30,564 engineers were en- 
rolled for master’s degrees, and 6440 
for doctor’s in the 1959-60 school 
year—up 5.1 and 14.2 per cent over 


6 


the previous year. 

Advanced engineering degrees 
awarded numbered 7128 M.S. or 
equivalent, 786 Ph.D., increases of 
37 and 32 per cent over 1956-57. 
Engineering Doctorates amounted to 
8.1 per cent of the doctor’s degrees 
granted in all fields during °59-60. 
In °58-59 this number was 7.6, and 
in °57-58 it was 7.2 per cent. 

Undergraduate enrollment in col- 
leges accredited by the Engineers 


Twin cantilever tail booms, extending 
back from each wing, support individ- 
ual rudders and a stabilizer. 


fore-and-aft twin will achieve an 
all-time-high unit volume for twin- 
engine airplanes in general aviation. 
While releasing no specific first- 
flight performance data, the com- 
pany had previously claimed that 
Skymaster “would out-perform any- 
thing in the low-price twin-engine 
field and will operate with a sub- 
stantial margin of safety on either 
or both engines.” 

Skymaster will be shown publicly 
late this year; first deliveries will be- 
gin in 1962. 


Council for Professional Develop- 
ment continued to drop off, but for 
the first time in three years the de- 
crease was slight. Also, freshman 
enrollment in the fall of 60 was 
up 1.2 per cent. According to Wayne 
E. Tolliver and Dr. Henry H. Arms- 
by, U. S. Office of Education, “with- 
in the next year or two, total under- 
graduate engineering enrollments 
may once again show annual in- 
creases typical for this major field 
of study.” 
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Application tested! Proved! 


WHY HEAT TREAT 
PARTS? use 3450 


elevated temperature drawing (150,000 psi tensile) 


ALLOY STEEL BARS 


&® 150 Alloy needs no heat treating! 


> 150 Alloy has 150,000 psi tensile guaranteed! 
(Rockwell C32 minimum) 


& 150 Alloy machines better than heat treated 
alloy steels! 


Here are cost-reducing advantages 


(1) Heat treating problems, costs (and secondary operations) are 
eliminated. (2) “e.t.d.” 150 machines better than heat treated in-the- 
bar alloy steels. (3) Tool life and finish are excellent. (4) No quench 
cracks or distortion from heat treatment. (5) “e.t.d.” 150 has excep- 
tional strength and hardness uniformity across the bar. (6) End 
cost of parts is greatly reduced. 


Use this coupon to request Helpful Data Bulletin 22. 


Sill este of a 
STRESSPROOF®, FATIGUE-PROOF®, 
a STEEL CO. and a complete line of 


1426 150th St. Hammond, Ind. cold-finished steel bars. 


Name 

Title 

Company. 

Address 

Ee ee skates sen State 


Available from your Steel Service Center 
Circle 407 on Page 19 
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Electric Cooling— 
Portcble and Permanent 


WO of the newest thermoelectric sys- 

tems unveiled are a suit that keeps 
the wearer comfortable when tempera- 
tures range from —40 to 135F, and a 
refrigerator-freezer designed for the com- 
mercial market. 

The air-conditioned suit, developed by 
Westinghouse Electric Corp., Pittsburgh, 
for the Navy, is an experimental model. 
Heated or cooled by electric current, it 
maintains an 80-F internal temperature 
and is completely airtight (it is made of 
an insulated aluminum-coated fabric). 
Air for breathing is supplied through a 
face mask connected to the side of the 
helmet. 

During cooling, heat from the thermo- 
couples is removed to a hot-side heat ex- 
changer and dumped to the atmosphere 
by a small fan; during heating, the proc- 
ess is reversed. Another fan, mounted 
on the same shaft, circulates air within 
the suit. 

The refrigerator-freezer, 500 of which 
will be installed in the new Sheraton- 
Chicago Hotel, was developed by Norge 
Div. of Borg-Warner Corp., Chicago. 
The device uses thermocouples that have 
a figure of merit of three. Forerunner 
of a home refrigerator, the unit will prob- 
ably find application in hospitals, medical 
centers, and boats (as well as hotels). 
According to Norge, in three to five years, 
when the figure of merit reaches ten, 
thermoelectric refrigerators will be prac- 
tical for the home. 


Test-chamber heat meits butter (left) 
but the man in the suit is comfortable. 
The experimental suit was developed 
to test the possibility of air-conditioned 
attire for military personnel. Thermo- 
electric pack fits on the back (above); 
batteries are worn on the chest, mak- 
ing the suit completely portable. The 
suit can be independent of any other 
power source for one hour. 
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No mechanical compressor is needed in the new Norge re- 


frigerator-freezer. Cooling by thermoelectricity, the unit uses 
three thermoelectric modules, each consisting of eight pairs 
of couples. A 10-w air-circulating fan cools the hot-junction 
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fins, and a thermostatic safety cutout switch protects the de- 
vice from accidental overheating. A limiting factor in per- 
formance of the appliance is that temperature of the cooling 
plate never gets more than 80F below ambient air. 
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EASY INSTALLATION on a standard operator is pos- 
sible because blocks are interchangeable. Two cap- 
tive screws fit into internally threaded screwheads 
of previous unit to hold block assemblies securely. 


NEW 


Shallow Contact Blocks for 
General Electric Heavy Duty 
Oil-tight Push Buttons 


Actual size 


® BUY ONLY THE CIRCUITS YOU NEED 
® CONTROL UP TO 8 CIRCUITS IN ANY 


COMBINATION OF NO-NC 
® SAVE BACK-OF-PANEL SPACE 


It is no longer necessary to pay for unused circuits in oil-tight 
push buttons. And you are no longer limited to a maximum of 
four normally open—four normally closed circuits. 

General Electric’s new shallow contact block offers you the 

savings and flexibility of “single-circuit” design. Separate normally 
open and normally closed blocks are available and up to eight 
blocks may be mounted with a standard operator. You can buy 
only the circuits you need in any combination—even eight NO or 
eight NC. 
Nearly one inch shorter than conventional contact blocks, the new 
shallow block saves important back-of-panel space. Four blocks 
(four separate circuits) take up no more back-of-panel depth 
than a conventional two-circuit block. 

Shallow contact blocks are designed for use with standard 
General Electric oil-tight operators. Since the new block is offered 
in addition to G.E.’s standard block, and is interchangeable with 
it, you now get even greater flexibility with the G-E oil-tight push- 
button line. 

Call your nearby G-E Sales Engineer for more information, or 
write for publication GEA-7320 to Sect. 811-24, General Electric 
Co., Schenectady, N. Y. 


You get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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Pulser feeds pumping power to the laser (center, in spirals), generating red light 
that is transmitted through a lens and shutter. When the pulsed, very narrow 
beam strikes a target, part is reflected back to a telescope-like receiver. After 
being collected by a mirror, focused, and filtered, the reflected light is fed into 
a photo tube, creating a low-noise signal that can be processed for all the usual 
radar information—range, range rate, angle, and angle rate. 


First Job for 
The Laser: 


Cutver Crry, Caur.—The much- 
heralded laser, a ruby-crystal that 
generates coherent light, is living up 
to predictions. Hughes Aircraft Co. 
has built it into a light-beam radar 
called Colidar (for coherent light 
detection and ranging). It’s the first 
radar-like system to meet satellite 
requirements. 

Among Colidar’s features are long 
range, low weight, low power needs, 
and small size. Although several 


ay 
Sighting scope : 


Optical Radar 


refinements have yet to be worked 
out, the unit has the potential for 
an outer-space range of hundreds 
of miles on very little power input. 

The laser (for light amplification 
by stimulated emission of radiation) 
makes the system practical. Light 
generated is highly monochromatic 
(6943 angstroms), and the beam is 
very narrow. Because it’s mono- 
chromatic, light reflected from the 
target can be directed through a 
narrow-band light filter, eliminating 
background noise. 

In the attenuating atmosphere of 
Earth, Colidar will discriminate be- 
tween 10-ft wide targets, side-by- 
side, at a range of 10,000 yd. In 
space, a receiver located on one 
vehicle could pick up signals from 
another at a distance of 100,000 
miles. 


Flashing coherent light beams instead 
of microwaves, a new kind of radar 
will provide eyes for spacecraft. Small 
and lightweight, the Hughes’ Colidar 
system has an in-space range of hun- 
dreds of miles, yet requires very little 
input power. 





Topics 


The fastest gun in grade school can 
be determined accurately by a toy 
pistol equipped with a timer in the 
butt, a recent invention belonging to 
Kilgore Inc., Westerville, Ohio. Before 
putting the gun into his holster, the 
user winds an escapement mechanism 
by turning a wheel in the end of the 
pistol grip. The clockwork starts when 
he puts his hand around the grip to 
draw; it stops when he pulls the trig- 
ger. Elapsed time is shown on a dial. 


Air-conditioned movies — outdoors — 
will be offered soon by a drive-in 
theater in southern California. Big 
units will cool the air around cus- 
tomers’ cars. 

e ee 


Souping up a rocket could be as easy 
as bolting on extra engines, according 
to an idea advanced by Aerojet-General 
Corp. The segmented solid rocket prin- 
ciple is based on a solid rocket engine 
capable of producing a standard amount 
of thrust, which is to be used as a 
basic unit. When more thrust than 
one engine provides is needed, addi- 
tional units could simply be bolted 
together, instead of designing a new 
powerplant. Aerojet says that this tech- 
nique has already been successfully 
demonstrated for the Air Force with an 
eye to developing a rocket that could 
be shipped in sections to the launching 
site. 

ee @ 


Two synthetics are better than one, 
and almost as good as the other, in a 
new tire developed by Seiberling Rub- 
ber Co. The tire’s two inner plies are 
nylon, and the outer plies are rayon. 
Tests show that it is more resistant to 
impact breaks than a rayon tire, but 
not quite as resistant as a nylon one. 
Price is about midway between tires 
made of either one material or the 
other. 

e ee 


A computer out-designed engineers, 
and its plans are being used to build 
a chemical plant for Shell Oil Co. The 
computer was fed data on basic chem- 
icals and reactions needed; variables 
such as cost, temperature, and pres- 
sure requirements; safety factors; air- 
pollution limits; and local zoning laws. 
In 16 hours it figured out 16,000 pos- 
sible factory designs and selected the 
one that would produce the most for 
the least money. A team of engineers 
had worked out three designs in a year, 
each of which would have cost about 
half a million dollars more than the 
machine’s. The machine logic system 
was devised by Richard R. Hughes—a 
Shell engineer—aided by mathemati- 
cians and chemical experts. 
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~ FARLESS 
STRESS IN 


LXS 


THE CHAIN WITH NO “STRESS RAISERS”! 
Link-Belt LXS brings long-term economy and 
efficiency to the most punishing drive and convey- 
ing jobs. With its “FULL-ROUND” design, LXS 
has no stress concentration points . . . none of the 
sharp corners which frequently shorten the 1:fe of 
many ordinary chains. 

LXS is available with straight or offset sidebars. 
For details, contact your nearest Link-Belt office. 
(See CHAINS in the yellow pages of your phone 
book.) Ask for our new, comprehensive Catalog 
1050. 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential 
Plaza, Chicago |. To Serve Industry There Are Link- 
Belt Plants, Warehouses, District Sales Offices and 
Stock Carrving Distributors in All Principal Cities. 
Export Office, New York 7; Australia, arrickville 
(Sydney); Brazil, Sao Paulo; Canada, Scarboro (Tor- 
onto 13); South Africa, Springs. Representatives 
Throughout the World. 15,062 


2) sesame 9 


PINS BUSHINGS SIDEBARS 


“FULL-ROUND” design eliminates traditional stress concen- 
tration points in Link-Belt LXS .. . provides maximum 
live bearing area between pins and bushings. Result: stress 
is distributed evenly. 

Other LXS long-life features include controlled press 
fits plus use of selected steels and controlled hardening 
of all parts. All this contributes to greater uniformity, 
greater endurance. 


| 
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Titanium Castings Are Mass-Produced by New Process 


New Yorx—A new method of cast- 
ing titanium, with greatly reduced 
die costs, promises parts such as 
pump housings, impellers, valve 
bodies, and fittings on a production- 
line basis. Impel casting, developed 
by Titanium Metals Corp. of Ameri- 
ca, uses permanent molds—probably 
good for 100 or more parts—instead 
of graphite molds, which are limited 
to 10 or 12 parts or—more often— 
one part per die. 


The Impel casting process depends 
upon titanium’s excellent fluidity to 
produce high-strength, accurate, in- 
tricate, and stable parts. The titani- 
um is in the form of an electrode, 
double melted, and the molten met- 
al is “impelled” into the die cavity. 

Titanium’s shrinkage rate, 0.005 
in. per in., makes timing a critical 
factor in feeding the metal into the 
die cavity and pulling the cores be- 
fore it freezes. 

To date, TMCA has produced 40 
castings per mold, but believes that 
at least 100 can be made. On very 
large production runs, where several 
dies are likely to wear out, the dies 
also can be cast for added savings. 


Diminutive Duo of Diodes 


es 


Smaller than the head of a pin, the newest glass diodes 
developed by Texas Instruments Inc., Dallas, measure only 
0.040 in. diam by 0.060 in. long. The tiny components pro- 
vide volume reductions of 50:1 over conventional diodes 
with similar characteristics. Expected to find wide use in 
gates, logic circuits, and high-speed switches, one diode con- 
sists of two round leads, a glass case, and a single diffused 
silicon mesa wafer whose surface has been oxide passivated 
for optimum stability and reliability. 


A 9-in., 12-lb impeller is the first part produced commercially by the new Impel 
casting process for titanium. 
made by the new method, and the cast parts are less expensive than welded 
titanium impellers now in use. 
limits parts to 12 Ib and boundaries of 5 by 10 by 24 in. 
castings up to 148 lb, and 72 by 36 by 24 in. have been made in graphite molds. 


Mold cost was absorbed by the first nine impellers 


Present equipment for permanent-mold casting 
However, titanium 


Surface-passivation techniques paved the way for develop- 
ment of this tiny diode by MicroSemiconductor Corp., Culver 
City, Calif. The device, (compared to a hair, above) meas- 
ures 0.075 in. by 0.030 in. (maximum dimensions), does 
not require encapsulation. MSC reports success in stabilizing 
erratic surface properties by using unique methods of alter- 
ing oxides and bonding them to the crystal surface. This 
technique eliminates bulky packaging and does away with 
most of the factors that previously limited reliability. 
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Designed for Compactness... 
Torrington Needle Bearings 


Simpler, more compact design is possible wherever Torrington Needle 
Bearings are put to work in eliminating friction problems. 


These outstanding bearings offer a higher radial load capacity 
than any other bearing of comparable size. They are more compact, 
lighter in weight, and are lower in unit cost. The full complement of 
small-diameter precision rollers insures exceptional antifriction per- 
formance and long, maintenance-free service life. The turned-in lips 
on the outer shell guarantee positive roller retention. Installation and 
assembly are fast, simple, economical. 


The unmatched design and production advantages of Torrington 
Needle Bearings have been proved in applications ranging from office 
machines to automobiles, washing machines to earth-moving machinery. 
Give your product the benefit of our antifriction know-how. Write or 
call Torrington—maker of every basic type of antifriction bearing. 








TORRINGTON NEEDLE 
BEARINGS FEATURE: 


Full complement of retained 
rollers 

Unequalled radial load ca- 
pacity 

Low coefficient of starting 
and running friction 


e Low unit cost 


Long service life 


e Compactness and light 


weight 
Run directly on hardened 
shafts 


Permit use of larger and 
stiffer shafts 











progress through precision TORRINGTON BEARINGS 
THE TORRINGTON COMPANY 





Torrington, Conn. * South Bend 21, Indiana 
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Variable Nozzles 
Boost Efficiency of 
Chrysler's Turbine 


New Yorx—One of the few remain- 
ing problems in automotive gas-tur- 
bine development is reported solved 
at Chrysler Corp. Working with 
the company’s 140-hp CR2A engine, 
powerplant engineers have perfected 
a variable-nozzle mechanism which 
effectively changes pitch of the tur- 
bine blades during acceleration or 
braking. George J. Huebner Jr., 
Chrysler’s executive engineer, re- 
search, says the variable-nozzle sys- 
tem has licked three problems: 

@ Excessive low-speed, part-load 
fuel consumption 

@ Lack of engine-braking charac- 
teristics 

© Time lag between pressure on the 
accelerator and full-power response 
of the engine. 

Chrysler’s engi-ie is a free-turbine 
powerplant. The first turbine wheel 
produces power for compressor, 
pumps, and other components. Pow- 
er from the second wheel is trans- 
mitted through a single-stage heli- 
cal reduction gear to the drive shaft, 
and to the rear wheels of the auto- 
mobile. 

Gas flow through the engine 
reaches the second turbine wheel 
after passing through 23 vanes, ar- 
ranged in a circle, which direct the 
gas at the turbine blades. In the 
usual engine, these vanes, which 
form the nozzle passages, have been 
fixed in one direction only, and the 
gas flow through the nozzle is con- 
stant whether the car is idling, ac- 
celerating, or going down-hill with 
the engine idling. As a result, tur- 
bines have been plagued by a lack 
of efficiency under the wide range 
of operating conditions required for 
surface vehicles—fuel consumption 
has been dictated by the amount of 
combustion gas pouring uncontrolled 
between the fixed nozzle vanes. 

Designers at Chrysler found that 
by varying the pitch of the vanes, 
higher cycle temperatures could be 
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Mounted in a Plymouth testbed, 
Chrysler's CR2A engine (above) 
represents a near-final config- 
uration for an automotive gas 
turbine. Engine housing is in- 
sulated internally and cooled by 
ambient air, compressor-outlet 
air, and engine-exhaust gas. 
Heat insulation also acts as 
sound insulation. An intake fil- 
ter-silencer, mounted ahead of 
the compressor, prevents dirt ac- 
cumulation and reduces noise at 
the compressor inlet. 


Variable nozzles mounted ahead 
of the second-stage (power) tur- 
bine, automatically change pitch 
according to gas generator and 
vehicle speed (below). Accelera- 
tion and braking characteristics 
of the engine are thus optimized. 
Because nozzle blades vary pitch 
as a function of gas-generator 
speed, turbine-inlet temperature 
is sustained at near design-point 
value during part-load. This in- 
creases thermodynamic efficiency 
of the engine, ups fuel economy. 























Automatic 
control 








Braking 
position 
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maintained during all phases of op- 
eration, and that by almost revers- 
ing the vanes, a desired braking 
effect could be produced on the 
wheels of the car. 

According to Huebner, almost 
three years were required to trans- 
late the idea of the variable nozzles 
into reality. Each of the 23 nozzles 
is actually an airfoil-shaped blade 
mounted on the end of a shaft. A 
crank with a ball-shaped end is 
mounted at the other extremity of 
the shaft. The ball rides in a ring 
groove. The entire mechanism is 
somewhat similar to a ball bearing 
with a slotted outer race. There 
are 23 shafts and 23 ball-ends set 
in the individual grooves. The ring 
rotates a few degrees, actuated by a 
rod and a lever from an automatic 
control piston, and this swings the 
shafts, turning the blades as much 
as 100 degrees. 

Extended tests have proved the 
effectiveness of the mechanism, and 
it promises more reliable, quieter 
gas-turbine engines because maxi- 
mum engine torque can be obtained 
at lower speeds. However, large-scale 
production of the engine for pas- 
senger-car use is not in the near 
future, says Huebner. (Rumor in 
Detroit has it that Chrysler will 
introduce a turbine-powered model 
in 1964.) Chrysler has indicated, 
however, that it will offer a limited 
number of the turbine powerplants 
for sale “on a negotiated basis to 
potential users for study and eval- 
uation in experimental applications.” 

Following is a list of significant 
CR2A specifications: 


Powerplant Design-Point Characteristics 
Output power (hp) 

Fuel consumption (Ib/hp-hr) .. 
Compressor air flow (Ib/sec) .. 

Turbine inlet temp (F) 

Exhaust temp, full power (F) .. 
Gas-generator speed (rpm) .... 44,610 
Power-turbine speed (rpm) .... 45,730 


Component Design-Point Characteristics 
Compressor pressure ratio E 
Compressor efficiency (per cent) .. 
Turbine efficiency (per cent) 

First stage 

Second stage 
Burner efficiency (per cent) 
Regenerator effectiveness (per cent) 90 
Regenerator leakage (per cent) 
Accessory load (hp) 


General Engine Characteristics 
Weight (Ib) 
Length (in.) 
Width (in.) 
Height (in.) 
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NOW... 
BOTH HORIZONTAL 
AND VERTICAL 


VARIABLE SPEED DRIVES 


Here are both horizontal and vertical variable speed drives. Each 
is an assembly of standard components — a motor, LEWELLEN 
Combination Pulleys, and the horizontal or vertical Countershaft. 
The horizontal drive assembles either right hand or left hand. 
Both the horizontal and vertical drives mount at floor or ceiling. 
Accessories may include the mechanical Indicator, or the Elec- 


tric Tachometer and Electric Remote Control, as shown. 


A bridge circuit controller dials all 
speed settings by equipping the 
Electric Control unit with a po- 


tentiometer. 


Or, the Pneumatic Regulator auto- 
mates the operation by connecting 
with process instruments. 


Here are accessories for readily 
using the flexibility of variable 
speeds — for using LEWELLEN 
Variable Speed Drives as you 
choose. 


Write for Catalog 70 


Circle 411 on Page 19 
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NEW PRODUCT IDEAS find an earlier “meeting of minds” when 
you plan gasoline-powered equipment around engine specifica- 
tions from Briggs & Stratton. Let our Consulting Engineering 
Service give you detailed information on models . . . even help 
with those knotty special power problems. Get facts, too, on new 
Briggs & Stratton features such as “Oil-Foam No-Spill” Air 
Cleaner, “Shock-Free” Wiadup Starter, “Pulsa-Jet’”’ Carburetor 
and other features. Write or phone Hugh 8S. Brown, Engineering 
Vice President, Briggs & Stratton Corp., Milwaukee 1, Wisconsin. 
(Phone LOcust 2-5000.) Circle 412 on Page 19 
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Aircraft, Edit. 24 

Alloys, high-temperature, Adv. 43 
Aluminum and alloys, Adv. 109, 241 
Automobiles, Edit. 24 


Balls, Adv. 248 
Beams, Edit. 173 
Bearings. 
ball, _ 21, 55, 56, 57, 58, 74 
miniature, Adv. 74 
needle, Adv. 13 
roller, Adv. 21 
Bellows, Adv. 261 
Belts, transmission, Adv. 35, 84, 87 
Blowers, Adv. 37, 38, 77 
Books, Edit. 243 
Brakes, Edit. 192; Adv. 212 
Brass, (see Copper and alloys) 
Brazing alloys, Adv. 106 
Bronze (see Copper and alloys) 


Cams, Edit. 202 
Caps, Adv. 213 
Casters, Edit. 228 
Castings, 
die, Adv. 86, 259 
investment, Adv. 210 
iron, Edit. 162; Adv. 201 
meehanite, Adv. 230 
nonferrous, Adv. 220 
Chain, 
conveyor, Adv. 11, . 
transmission, Adv. 
Clamps, Adv. 192 
Clutches, Adv. 99, 185, 238 
Coatings, 
decorative, Adv. 122, 123 
protective, Adv. 122, 123, 262 
Computers, Edit. 22, ‘188 
Connectors, electric, Edit. 226; Adv. 62, 
116, 117 


» 29, 80, 191 


Control systems, 
hydraulic, Edit. 158 
mechanical, Adv. 53 

Controls, 
electric, Adv. 214 
hydraulic, Adv. 1, 206 
mechanical, Adv. 92 
pneumatic, Adv. 217 


Converters, Adv, 232 
Copper and alloys, Adv. 102, 106 
Couplings, 

fluid flow, Edit. 146 

- Edit. 256, 258; Adv. 187, 215, 259, 


Cylinders, 
hydraulic, Adv. 89, 268 
pneumatic, Adv. 70, 89, 214 


Drafting equipment, Edit. 234, 238; Adv. 
50, 63, 65, 125, 207, 253, 262 

—— adjustable speed, Adv. 15, 119, 193, 
47 


Drives, right angle, Adv. 42 


Electric equipment (see specific type) 
Electronic equipment, Edit. 24; Adv. 44, 45, 
191 


Enclosures, Adv. 222 

Engineering department (see Management 
or Drafting) 

Engineering and research, Edit. 130 

Engines, Edit. 26, 187; Adv. 16 


Facilities, general, Adv. 261 
Fans, Adv. 77 
Fasteners, 
bolts, studs, screws, Adv. 78, 114, 115, 
118, 257, 260, 262, 266, inside back 
cover 
insert, Adv. 190 
nuts, Edit. 202; Adv. 98, 118, 221 
pin, Adv. 124, 229 
quick operating, Adv. 94, 200 
retaining rings, Edit. 207; Adv. 51 
rivet, Adv. 218 
Feeders, parts, Adv. 233 
Fiber, Adv. 111 
Filters, Adv. 54 
Finishes (see Coatings) 
Fittings, pipe, tube, oe a Edit. 212, 
254; joy 61, 81, 90, 2 
Forgings, Adv. 120, 216 
Forming, Adv. 256 
Friction materials, Adv. 110, 186 


Gages (see also Instruments), 
pressure, Adv. 187 

Gaskets, Adv. 79, 267 

Gears, Adv. 82, 236, 264, 267 

Generators, electric, Adv. 199 

Glass, Adv. 237 

Governors, Edit. 136, 257; Adv. 220 


Heaters, Adv. 231, 258 

Hose, nonmetallic, Adv. 228 

Hydraulic equipment (see specific type) 
Hydraulic fluid, Edit. 191 


Instruments, Edit. 30, 135, 155, 236; Adv. 
72, 245, 263, 266 


Knobs, Edit. 226; Adv. 262 


Lighting, Adv. 219 
Lubrication, 
equipment, Adv. 40, 41 
systems, Adv. 107 


Materials, Adv. 97 
Materials handling equipment, Edit. 152 
Meetings, Edit. 39 
Metals (see specific type) 
Metalworking equipment, Adv. 244 
Motors (electric), 
fractional and integral hp, Adv. 73, 96, 
126, 127, 206, 260 
gearmotors, Adv. 263 
subfractional hp, Edit. 
198, 216, 223 


224; Adv. 73, 


Nickel and alloys, Adv. 59 


Optical wedge, Edit. 172 
Oscilloscopes, Edit. 240 


Packings, Adv. 52, 85, 234, 260 


MACHINE DESIGN is indexed in the Applied Science & Technology Index and the Engineering Index, available in libraries, generally. 


Microfilm copies are available from University Microfilms, 313 N. First St., 
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Ann Arbor, Mich. 
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SUBJECT INDEX (continued) 





Plastics, Edit. 190, 219; Adv. 85, 203, 239, 
242 
laminates, Adv. 100, 101, 111, 255 
molding, Adv, 31, 203, 239 
Plugs, Adv. 213 
Pneumatic equipment (see specific type) 
Potentiometers, Edit. 214 
Powder metallurgy, Adv. 261 
Pumps, ’ 
hydraulic, Adv. 48, 68, 108, 188, 192, 
225, 226, 227 
pneumatic, Adv. 48 
Pushbuttons, Edit. 202; Adv. 9 


Recorders, Edit. Ady. 72 
Reducers, hee i po 64, 88, 185, 189, 251 
Regulators, 
flow, Adv. 222 
pressure, Edit. 138; Adv. 103 
Relays, Edit. 216, 225; Adv. 60, 66, 67, 9 
210, 245 
Resistors, Adv. 33, 240 
Rotary joints, Adv. 260, 265 


Rubber, Adv. 8 1 265 


Screws, power, — 

Seals S Adv. 267 

Shafts, ee a. 224 

Shims, Adv. 

Silicones, eg 2 49 

Slider-crank mechanism, Edit. 159 

Solenoids, Edit, 220; : Adv. 200 

Spiroid gearing, Edit. 165 

Springs, Edit. 141; Adv. 265 

Steel, Adv. 5, 7, 46, 47, 104, 105, 208, 209, 
back cover! 

strip, Adv. 47 

Switches, Edit. 204, 218; Adv. inside front 

cover, 69, 83, 183, 195 


Systems, hydraulic, Edit. 252 


Terminals, Adv. 117 

Thermostats, Edit. 227; Adv. 

Timers, Adv. 197, 266 

Tin and alloys, Adv. 189 

lransducers, Edit. 252 

Transformers, Edit. 202 

Transistors, Edit. 206, 228 

Transmissions, adjustable speed, Edit. 157, 
206, 254; Adv. 211, 246 

Tubing, Adv. 205, 242, 243, back cover 


Universal joints, Adv. 218 


Valves, 
hydraulic, Adv. 1, 75, 76, 113, 225, 252, 

263 
pneumatic, Edit. 202, 231; Adv. inside 


9a9 


front cover, 75, 76, 95, 113, 217, 252 


Washers, Adv. 264 

Ways, Adv. 196 

Wheels, Adv. 37, 38 

Wire and wire products, Adv. 93, 235, 25 


Zinc and alloys, Adv 
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USE A YELLOW .CARD 
for More Information... 


CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE—cescriptions start on page 


ITEM ITEM 
NUMBER NUMBER 


ining Strainers . 701 aiding Stainless Steel . . ro 
31 Transducers . . 702 ion 
ry-Armature Relays ‘ .- 703 lowr a Bree 
mnie Equipment gi-0 << ae ‘ralastic ABS Plas 
ind Resistors . 705 Pipe Connections 
Indicating Components 706 Control Knobs 
Circuit-Bre ker Load Centers . 707 Friction Ma teria is 
Flex ble COURTIRES 6 os cece cee . 708 Positioning Control 
Welding Alloy Chart 2 oe 709 Caster Selection 
Steel Sele ction - ‘ » =e Hydraulic Fittings 
Pipe and Tubir g “Measurement _ 711 Nonmetallic Alloys 
Silico Compounds ; F « Tan Plastie Products 
Force Transdiver . 3 Thermal Insulation 
Subminiature Covrnectors 4 Thyratrons ... apes 
Industrial Coated Fabrics 5 Conveyor-Belt Selection 
Electric Motors ] Molded Plastics . 
vo Systems 7 Regulators Control ‘Vv ‘alves 
button Station ° 8 Acceleration Switches ; 
Somponents 9 Computers and Accessories 
20 Semiconductor Bases 
21 Accelerometers ° 
2 Pushbutton Stations 


Electric Motor ¢ 
Weight Sensing 
Ball Vv alves 

Rubber Products 


71c 
1 
1 
716 
71 
1 
vis 


7 
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NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on 


ITEM 

NUMBER 
Lighted Pushbutton seckeessaacne BaP Visual Indicators 
Transistor Transformers ‘ coccee Tae Copper-Clad Lamin: ite. 
Vinyl Magnetic Strip ............ 747 Custom Harnesses .. 
Two-Way Lock Nut . eas wee 748 Retaining Spring Clips 
Air Valves keen 749 Miniature Motor 
Adjustable Cam Assemblies oes es 750 Multiplie-Unit Valves .. ee 
Miniature Switch ........ ; 75 Mercury-Wetted Contact Relay 
Servo Motor . omer 752 Ball 
Germanium-Alloy Transistors 
tens sero d R Tr ~ sje Angle and Y-Strainers eee 
Universal Tens ion Latch Miniature Thermostat ....>+.. 
Silicon Readout Photocells 75 Epitaxial Mesa Transistors 
O-Ring Seal Fittings . ss Swivel-Lock Caster 
O-Ring Knob .... , ‘ 5s Silicone Plotting Material 
Trimmer Potentiometer ..... 76 Control Valves 
Bar Switch-Light ...... 76 Bearing Take-Up Frames 
Precis ion Relay ‘ 5 y Reservoir Pen . 
Spray Nozzle .. wt 76: Miniature Vacuum R ecorder 
Pushbutton Switche We a Terre 76 Ceramic Cement 
Polycarbonate Resin .. asand VOe Torque Gages 
Panel-Wireway System . ; 3 Dial Indicator 
Laminated Solenoids . . 5 Tracing Vellum 
Pinpoint Lens Holder .. bean .. 76 Dual-Trace Osc illoscopes 
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Printed-Circuit Connectors 
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THINNEST 


large bore Reali-Slim j 
VB bearings only %” 
WAM thick designed and 
MMimade by Kaydon. , 





Our specialty... solving the worid’s 
toughest bearing problems 


When stock bearings ‘“‘won’t do”... 
KAYDON special bearings “will” 
Standard bearings often aren’t ade- 
quate when you run up against a 
combination of limitations involving 
bearing capacity, size, weight, con- 
figuration, material and price. 

Solve these problems with Kaydon 
special bearings—specifically de- 
signed and precision-manufactured 
to do extraordinary jobs. 


ve WEI cccsinensicaa 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 4” inside di: 
Roller Thrust * Roller Radial « Needle Roller ¢ Ball Radial « Ball Thrust * Four-Point Contact Bearings 
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Kaydon special bearings offer you 
wide opportunities for compact de- 
sign that may reduce the size of the 
equipment you need — providing 
substantial savings. 

Kaydon builds your special bear- 
ings with close-tolerance precision, 
exceptional thrust or radial capacity 
... out of special metals or materials. 

Don’t penalize performance, or 
rule out new concepts in design, with 


to 178” outside di 
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. . . Taper Roller 


stock bearings that “won’t do.” Call 
on Kaydon’s long experience in de- 
sign of special bearings that will 
solve your toughest problem. 


Available! Reali-Slim type “CP” bear- 
ings off-the-shelf in 90 sizes with Con- 
rad deep-groove, ball-radial construction 
-..and new one-piece snapover bronze 
separator in 4” to 12” bore — 4” to 
1” width and cross section. 
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K-611 


$) 


World’s highest capacity, 
lowest cost needle bear- 
ings (22 sizes available). 
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opportunities in orbit 


The time is ripe for private enterprise to move into space—and make a 
profit—according to Robert E. Gross, chairman of the board of Lockheed 
Aircraft Corp. Mr. Gross feels that skill and salesmanship, as well as capi- 
tal, possessed by private industry should be used to develop the space frontier, 
and he proposes that an industrial team of companies be formed to enter 
the commercial satellite field. This group would develop satellites, ground- 
support equipment, launching areas, and data-processing devices; place satel- 
lites in orbit; and maintain and replenish them in space. 


campus computer crusade 


To show college students that computers are more than super calculating 
machines, a series of lectures on “Computer Appreciation” is being given 
at the University of Michigan. The topics of four lecturers, who are com- 
puter specialists, deal with the machines’ performance of jobs such as lan- 
guage translation and medical diagnosis, as well as their intelligence, in- 
ventiveness, and decision-making abilities. The series is sponsored by U-M’s 
Ford Foundation-supported Project on the Use of Computers in Engineer- 
ing Education. 


a ‘current’ approach to metal forming 


Forming high-strength metals—stainless steel and aluminum alloys—by 
electrical discharge will be studied by Republic Aviation Corp. for NASA. 
One of two basic methods to be evaluated uses shock waves created in a 
liquid medium to deform the workpiece. In the other process, called in- 
ductive-repulsion forming, an insulated induction coil is placed close to the 
workpiece; during the electrical discharge, opposing currents in the coil and 
the metal produce a magnetic force which repels and deforms the metal 
away from the coil. 


solid-state sufficiency 


A computer that is part of a new General Electric automatic-monitoring sys- 
tem does everything but the manual labor of mounting and dismounting its 
input and output tapes. It knows when a tape change is needed and types 
instructions to the human operator. A typical use of the system, appropriate- 
ly named SMART, is in support of experiments at GE’s Atomic Power Equip- 
ment Dept. in San Jose, Calif. At a location 30 miles away, data from 
experiments are recorded on punched paper tape, sent to the computer via 
telephone lines, and interpreted. Information needed to continue experiments 
is returned within a few hours. Cost-conscious, the SMART computer keeps 
track of time spent on each problem and prepares bills for its services. 





a case for Simon Legree? 


A happy employee is not necessarily the most productive employee, and execu- 
tives trying to keep their subordinates content have become too “soft-boiled.” 
These two items of information were reported recently in Industrial Relations 
News, a publication for the industrial-relations field. Personal persuasion 
and competitive stimuli—which may cause anxiety—are advocated as meth- 
ods to increase productivity. The goal of a human-relations program is to 
develop employees who function at full capacity, are internally committed to 
their work, and have a deep sense of responsibility toward the company. 
Achieving this goal, says IRN, “sometimes requires forceful action that could 
create a degree of initial resentment on the part of employees.” 


NASA backs ion-rocket study 


One-tenth of a pound of thrust—enough to power a rocket in the vacuum of 
deep space—can be supplied by an ion engine, “fueled” by 30-kw Snap-8 
nuclear power sources. The ion rocket would have to be lifted out of the 
earth’s gravitational field by a powerful booster, but low fuel consumption 
and high specific impulse would allow it to carry heavy payloads on long 
trips. Close orbits around Mars and Venus, a Jupiter satellite, and a probe 
to Mercury, all ion-engine missions, are possibilities to be studied by the 
Research Laboratories of United Aircraft Corp. for NASA. A dual-thrust 
propulsion system—combining ion and chemical power—will also be investi- 


gated in the $100,000 project. 


who wants what, where 


Future demands for new products will be indicated by data—developed from 
1960 census statistics—to be made available in June. A program undertaken 
by S. J. Tesauro & Co., Detroit, will utilize a Remington Rand Univac to 
correlate population and housing-characteristics information. Results will 
allow a projection of the public’s need for specific goods and services. 


cleaner air for California 


Expulsion of hydrocarbons in automobile exhaust, which will soon be a 
violation of the law as well as the pure air in California, is reduced 97 
per cent by the Smog Burner, developed by Chromalloy Corp. It achieved 
this high degree of purification during downhill deceleration and idling, 
when pollution is normally highest; it also has reduced carbon monoxide 
up to 82 per cent under critical operating conditions. Chromalloy’s de- 
smogger utilizes chromallized coatings which have withstood temperatures 
up to 2400 F. It contains only one moving part, a valve which protects 
the engine from back pressure. 
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Gas turbine powers a helicopter in 
a hover check flight, made to pro- 
vide the first off-the-ground data 
on the HUL-IM plane. This is one 
of two Bell 47] models converted 
to turbine-engine power (an Allison 
T36). The ’copter’s pylon support, 
tested during the flight, is said to 
be the softest mounting in the 47- 
series helicopter. 


The new Mercedes-Benz 220 SE hardtop 
coupe is billed as having sports-car styling 
and performance with the comfort and safety 
of a touring car. It’s powered by a fuel- 
injection, six-cylinder, overhead-cam-and- 
valve engine which develops 134 hp at 5000 
rpm. Engine displacement is 133.9 cu in.; bore 
and stroke, 3.15 x 2.86 in.; compression ratio, 
8.7 to 1. The 220 SE has a fuliy synchronized 
manual transmission; maximum speeds in first 
to fourth gears are 27.9, 47, 74, 105 mph. The 
car’s wheelbase is 108.2 in.; overall length, 
182 in. Bucket seats, standard in the front, 
are also available in back. 
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An audio-type “seeing” aid for 
frogmen working under zero-visi- 
bility conditions combines light 
weight with economical opera- 
tion. It is a 20-lb, aluminum- 
housed sonar device developed 
by Stromberg-Carlson-San Diego 
and the Navy Electronics Labo- 
ratory. The fully transistorized 
system is powered by standard 
flashlight batteries. 
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ENGINEERING NEWS 


PICTURE REPORT 


Subjected to the lady-driver test, an analog simulator 
provides data on interaction of driver and vehicle 
control in a human-factors research program at 
General Motors Research Laboratories. The trick 
is to keep the “car,” whose front wheels are repre- 
sented by two vertical bars, in its “lane,” or five 
horizontal bars on the oscilloscope. The horizon- 
tal bars are arranged to represent a perspective 
view of the road ahead, and they shift horizontal- 
ly to give the illusion of bends and turns. Ac- 
celerator and brake pedals determine how fast 
the road “picture” changes. 


Not enough hot water for a good bath, but plenty for 
space travelers far removed from Saturday-night earth 
customs, is provided by a 1744 in. high, 54% in. diam 
heater for spacecraft. Three pints of 170-deg water can 
be drawn from it every two hours by operating a posi- 
tive-displacement pressure pump. Dr. Wernher von Braun 
is examining the water heater; holding it is Howard 
Brehm, space kitchen co-ordinator for Whirlpool Corp. 
Whirlpool is building a space kitchen—scheduled for de- 
livery to the Air Force in May—to store and dispense 
food and drink for three astronauts on a 14-day mission. 


A flame representing over a million lb of thrust issues 
from a prototype chamber of the F-1 rocket engine in a 
test at Edwards Rocket Base, Edwards AFB. A single- 
chambered engine rated at 1.5 million Ib thrust, the F-1 
is being developed for NASA by Rocketdyne division of 
North American Aviation Inc. The thrust chamber has 
been fired successfully at 1,550,000 Ib. Firing of a complete 
engine is scheduled for later this year. 
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Electric Engines 
for 


Power in Deep Space 


DONALD BOLDMAN 
Aero. Research Scientist 


Lewis Research Center, NASA 
Cleveland, Ohio 


REAT advances in the field of 

superconductivity and the gen- 
eration of fields of nearly 100,000 
gauss with cryogenic magnets have 
led to a complete re-evaluation of 
the future of electrical powerplants 
for space applications. The door is 
now open for the development of 
high output, extremely lightweight 
electrical propulsion systems of very 
high efficiency. It is even possible 
that such devices may be thermo- 
nuclear in nature. This will give 


Jet velocity—the speed attained by 
a gas leaving a rocket nozzle—is 
critical in spacecraft design. As a 
rule of thumb, higher velocities 
mean smaller vehicles. Generating 


up to 20 times the jet velocity of 
chemical rockets, MHD, ion, and 
electrothermal engines show tre- 


mendous potential for low-thrust 
power outside gravity fields. 


added impulse to the development 
of electrical space propulsion en- 
gines. 

The need for accelerated develop- 
ment of electric propulsion engines 
becomes clear when one considers 
the necessity for minimizing the 
initial weight of a space propulsion 
system designed for an interplane- 
tary mission. On the launching 
pad, for example, approximately 90 
per cent of the weight of a conven- 
tional chemical rocket is fuel. In 


fact, each pound of space vehicle 
requires about one ton of fuel. Un- 
fortunately, a chemical rocket is 
characterized by high fuel-con- 
sumption rate, or low thrust per 
pound of fuel consumed per second 
(specific impulse—having a unit of 
seconds). Obviously, interplanetary 
trips of manned vehicles with 
chemical propulsion will require an 
extremely large capital investment 
per trip. What is needed is a pro- 
pulsion system that will produce 





1. In the arc jet... 
as in other electric propul- 
sion engines, no combus- 
tion occurs in the conven- 
tional sense. A _light- 
weight propellant (such as 
hydrogen) is heated to 
plasma levels by a high- 
energy arc drawn between 
the electrodes. Limit on 
specific impulse—approxi- 
mately 2000 sec—is set by 
temperature limits of arc- 
jet materials. 
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considerably more thrust for each 
pound of fuel consumed. 

Electrical propulsion engines are 
capable of providing truly great in- 
creases in specific impulse. While 
simple chemical rockets can _pro- 
duce a maximum specific impulse 
of about 500 seconds, electric pro- 
pulsion engines cari ac’1ieve specific 
impulses ranging from about 800 to 
25,000 seconds or higher. 

Electric propulsion engines can 
be classified in three basic types: 








1. Electrothermal engines 
a. Arc jet 
b. Resistance-heated engine 
2. Ion engine 
3. Magnetohydrodynamic (MDH) 
engine 
The first class, electrothermal 
propulsion devices, produces rela- 
tively low specific impulse—2000 
seconds for the arc jet; 1000 seconds 
for the resistance heater, using hy- 
drogen as the propellant. Conse- 
quently, usefulness of these engines 





may be limited to guidance and 
satellite-orientation control. 

The arc jet, Fig. 1, consists of two 
basic components—the cathode and 
the anode, or nozzle. An arc is 
drawn between the electrodes, and 
the propellart is heated as it passes 
through the arc. Efficiency of such 
a unit is determined by the amount 
of power that is consumed in heat- 
ing electrodes, nozzle walls, and 
ballast resistors. To achieve use- 
ful efficiencies, it becomes necessary 





Radiation shields 


Propellant 
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2. Resistance ... 
heated engine uti- 
lizes a porous, re- 
fractory-metal resis- 
tor to heat the pro- 
pellant gas. Specif- 
ic impulse for hydro- 
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gen and porous tung- 
sten propellant-resis- 
tor combination is 
about 1000 sec. Low- 
thrust electrothermal 
powerplants (arc-jef 
and resistance en- 
gines) may replace 
gas bottles for satel- 
lite and probe atti- 
tude control. 
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ELECTRIC ENGINES 





to regeneratively cool the compo- 
nents with the propellant, or to use 
refractory-type materials which can 
be operated at sufficiently high 
temperatures so that radiation cool- 
ing is adequate. In either case, a 
limit in specific impulse is reached 
before it becomes impossible to cool 
the surface. This limit is believed 
to be approximately 2000 seconds. 


The electric resistance-heated en- 
gine, Fig. 2, utilizes a refractory 
metal electrical resistor to heat the 
propellant which flows through the 
porous wall. Specific impulse is 
limited to values attainable with 
the propellant heated to the maxi- 
mum temperature that can be tol- 
erated by the components of the 
unit. A specific impulse of approx- 
imately 1000 seconds can be 
achieved with a hydrogen and por- 
ous tungsten, propellant-resistor 
combination. 

The second basic type of elec- 
tric propulsion system, the ion en- 
gine, is shown in Fig. 3. The pro- 
pellant is heated upon entering the 
unit. The very hot ionization grid 
strips electrons from the propellant, 
thus ionizing it. The grid, posi- 
tively charged to 40,000 volts, re- 
pels the ions and attracts the elec- 
trons. Additional positively charged 
rings further accelerate the ions, 
and they are discharged at velocities 
of nearly 500,000 mph.  Subse- 
quently, the electrons are captured 
by the positively charged plate, 
flow through the outer circuit, and 
are discharged into space by an 
electron gun which is just a small 
version of the ion engine. Ion en- 
gines of this type are capable of 
achieving a specific impulse in the 
range from 4000 to 10,000 seconds. 

The third type of electric pro- 
pulsion engine, the MHD engine, 
is shown in Fig. 4. The MHD en- 
gine, commonly referred to as a 
plasma rocket or electromagnetic 
jet, incorporates a magnetic field 
rather than electrical fields to ac- 
celerate the charged partciles. In 
this case, the propellant is heated 
by radio frequency or an electric arc. 
The magnetic field is oriented so 
as to accelerate the charged par- 
ticles and eject them at tremendous- 
ly high velocities. |The limiting 
speed of these particles is about 
186,000 miles per second (velocity 
of light). Specific impulses as high 
as 25,000 seconds are foreseeable 
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with this type of engine. 

Many basic problems must be 
faced before the electric propulsion 
system (engine and powerplant) 
can be brought into the develop- 
ment phase. Problems of particular 
interest are those associated with 
design and materials. For example, 
How do you design an electro- 
thermal engine to withstand a tem- 
perature of 10,000 F, retain high ef- 
ficiency, and still keep the engine 
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10,000 volts 


Magnetic field 
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Electron gun 























2000 volts 
5000 volts 








from burning up? New materials 
are required that are not only good 
electrical insulators at high ter-ver- 
tures, but are also stable. 
Tungsten is an example of vne 
of the better refractory materials. 
However, it is difficult to fabricate, 
so that much work is needed on fab- 
rication techniques. At the present 
time, solutions to these problems 
are being sought and will no doubt 
be forthcoming in the near future. 
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A CALL TO CHAIN BELT 





ADDS A MAN TO YOUR STAFF 





BUT NOT TO YOUR PAYROLL 





Circle 414 on Page 19 


All of them...if you are to execute 
your responsibility in equipment de- 
sign efficiently. 

Management expects equipment 
that can be produced profitably. 
Purchasing wants maximum value 
and service. Production expects 
manufacturing ease. Sales wants 
exclusive selling features. And the 
customer demands everything. No 
wonder designers lean heavily on 
suppliers who can help them satisfy 
all these demands. 


And this is exactly what CHAIN 
Belt delivers ...help in solving prob- 
lems of power drive and conveying 
applications. Backed by the largest, 
most modern test and development 
laboratories in the industry, we have 
the knowledge, the skill, the data 
and the products to help you design 
for longer life, lower costs, greater 
sales appeal. 

Why not take advantage of the 
specialized service CHAIN Belt and 
Rex Drive and Conveyor Chains 
offer you! Just call your CHAIN Belt 
Man or write CHAIN Belt Company, 
4643 W. Greenfield Ave., Milwaukee 
1, Wisconsin. In Canada, write Rex 
Chainbelt (Canada) Ltd., Toronto 
and Montreal. 


CHAIN BELT COMPANY 








Water-Entry Shock: Phase 2 Is Important 


Idealized shock pulse for a stable, rigid mis- 
sile entering water at high velocity: First phase 
occurs on impact when compressibility effects 
of water are felt. Pulse is of very large magni- 
tude, but of such short duration that it is not 
damaging to most components. Precise meas- 
urement of this phase is seldom necessary; it is 
usually sufficient to determine whether or not 
the missile structure survived. 





Second phase occurs as water starts flowing 
around the vehicle and persists until steady 
flow is established. Duration is approximately 
the time it takes for one missile length to be im- 
mersed (assuming undisturbed water). While 
the shock magnitude is considerably lower than 
that of the first phase, it is nonetheless severe. 








Third phase is concerned with steady flow and 
is lower in magnitude, but considerably longer 
in duration than the second phase. Since de- 
celeration in this phase can be computed rather 
simply from the relationships governing steady- 
state flow, its measurement is not difficult. 





Bottom impact: Actual weapon would not be 
subjected to this force, so accelerometers in test 
vehicles are usually programmed to ignore it. 
Emphasis, then, is on instrumentation that will 
accurately measure the second phase. 


Discriminating Accelerometers 


Break the “Shock Barrier’ in Instrumentation 


D5SIGN of highly sophisticated weapons sys- 

tems is usually complicated by the need for 
test instrumentation almost as complex as the 
weapon itself. An unusual departure from this 
trend has occurred during the development of 


“Armed” prior to sur- 
face impact, this accel- 
erometer is designed to 
discriminate against all 
forces except the peak 


Navy’s newest air-to-underwater missiles. 
One of the critical factors in the design of 
these potent antisubmarine weapons is the 
measurement of tremendous water-entry shocks. 
The shocks generally consist of a high-de- 
celeration phase (impact) lasting for a fraction 
of a millisecond, followed by a low-deceleration 
phase (drag) several orders of magnitude longer 
in duration than the impact. During field 
tests in shallow water, a third shock occurs 
when the vehicle hits the bottom. Test equip- 
ment must thus be capable of discriminating 
against one or more shocks during the same test. 
Exotic continuous-recording instrumentation 
was ruled out because of its prohibitive cost 
and because impact forces were exceedingly 
high. Scientists at Naval Ordnance Labora- 
tory relied, instead, on an available measure- 
ment tool—the familiar copper-ball accelerom- 
eter. They redesigned it and came up with a 
straightforward mechanical device that has 
proved highly useful in measuring forces im- 
posed on a missile as it enters the water. 
The conventional copper-ball accelerometer 





impact force (1, above). 
Inertia weight, resting 
on the copper ball, de- 
forms the ball at im- 
pact. Simultaneously . . . 


. initial shock also 
actuates the inertia col- 
lar, which shears the 
Teflon screw. Several 
milliseconds later, de- 
pending on the position 
of the set screw and the 
intensity of the shock, 
the collar engages the 
restraining pin, driving 
it inward and causing it 
to release the anvil... 


... the ball drops clear 
of the inertia weight, 
and recording i: inter- 
rupted. Recording pe- 
riod can be varied by 
adjusting the set screw. 











NERVE CENTER OF 


“E20 | . M | tick r 


protected by... 
PRECISION CARD GUIDES 








Printed circuit cards shown 
above inserted in molded 
card guides which prevent 
cards touching each other, 


help steady cards during = 
shipment and protect cards ‘ 
Thermoplastic card guides for IBM 1401 processing unit, date hovel deine. . 
ejecting from precision molding dies at Qvuinn-Berry Fi 1BM 1401 


, ully assembled 
Corporation, Erie, Pa. processing unit, nerve center 
of IBM 1401 data process- 
ing systems. 


Molded of LEXAN®*® Thermoplastic 


by Cluinn freny 


CHELSEA 50, Mass. In the IBM 1401 processing unit, nerve center of IBM 1401 data 
Jecegh lender, processing systems, it is of paramount importance that Card Guides 
Turner 4-3484 help maintain card position during movement and thermal changes. 


a Quinn-Berry’s skilled precision mold design and engineering teams 
. . r . . . . 
16577 Meyers Road up with experienced press room operation to meet IBM close tolerance 


seiveasgalinoaen specifications. Skilled craftsmen mold IBM Card Guides of Lexan® 
ow Rtg pee vba polycarbonate resin, a product of General Electric Plastics Division, 
Bptneg bh nmny rh eel to meet the most rigorous requirements. The result—parts which 
KNOXVILLE, Tennessee have excellent dimensional stability, extreme resistance to impact and 
Melloy Sales Inc. which are self extinguishing. 

P.O. Box 3207—Zone 17 ; : oF , 

2643 Kingston Park $.W. Your requirements for precision molded thermoplastic parts can 
Phone Knoxville 522-5911 be fully satisfied at Quinn-Berry—place them with us in full confidence. 


MILWAUKEE 13, Wis. Here, the Unusual is Routine. 
John Weiiand, Jr. 


7105 Grand Parkway 
Greenfield 6-7161 


ARDMORE, Pa. 


Austin L. Wright Co. 
P. O. Box 561 ad ‘ WE FLY TO SERVE YOU FASTER! 


1 W. Lancaster Ave. 
Midway 2-5113 


2609 WEST 12TH STREET, ERIE, PA. 
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DISCRIMINATING ACCELEROMETERS 





consists essentially of a weight, copper ball, 
anvil, and housing. During a shock, the weight 
is forced against the ball, deforming it. Meas- 
uring the amount of deformation and compar- 
ing it with deformations obtained under static 
test reveals the magnitude of the shock. 

Conventional copper-ball accelerometers used 
at NOL cover a shock range from 30 to 20,000 
g; natural frequencies run from 228 cps in the 
low-g region to 1760 in the high-g region. 
Accuracy is better than 80 per cent for simple 
shock pulses having build-up times at least five 
times the natural period of the accelerometer. 
For shock pulses having shorter buildup times, 
the accelerometer will tend to overshoot. To 
accurately interpret the peak shock in this 
region, dynamic-load factors must be considered 
—factors which can be as high as 1.8 for half- 
sine pulses or 1.5 for triangular pulses. If an 
accelerometer is selected with a natural period 
approximately twice that of the shock pulse, 
the accelerometer functions as a velocity meter 
or as a seismic device—deformation of the cop- 
per ball is directly proportional to the velocity 
change. 

Discriminator mechanisms developed at NOL 
for the copper-ball accelerometer permit a par- 
ticular shock to be measured by inertially 
delaying or interrupting the action of the in- 
strument. Depending on the design of the dis- 
criminator mechanism, either the initial or the 
final shock can be recorded. 


Not Quite Ideal 


Although discriminators have greatly in- 
creased the usefulness of copper-ball accelero- 
meters, they by no means solve all the problems 
of shock recording, according to NOL scien- 
tists. At best, these devices still indicate only 
peak acceleration or velocity change at one or 
two points in a particular shock pulse, Some 
knowledge of the characteristics of the shock 
under study is required in order to interpret 
measurements with acceptable accuracy. 

NOL Scientists would like to obtain rugged, 
reliable instrumentation with the following 
characteristics: 

Sensitivity (accelerometer): 50 mv at maximum 
g value. 

Range (accelerometer): 100 to 20,000 g. 
Frequency response (system): Essentially flat 
from de to 10,000 cps 

Damping (accelerometer): 0.3 of critical. 
Accuracy (system): 5 per cent. 

Shock integrity (system): Continuous record- 
ing during shock, capable of withstanding up 
to 10,000 g for 500 microseconds, followed by 
a minimum of 1000 g for 100 milliseconds 
Configuration (system): Except for accelerom- 
eters, the system should consist of a single cylin- 
drical package. Envelope size should be adapta- 
ble to various missile sizes. 
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Impact shock is ignored 
by this accelerometer— 
recording is delayed 
several milliseconds un- 
til the restraining cam 
releases the inertia 
weight to operate on 
the ball. The discrimi- 
nating mechanism thus 
permits recording of the 
peak water-entry drag 
or the bottom impact. 
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All accelerometers used by Naval Ordnance Laboratory contain 5/32 


in. copper balls .. . they exhibit acceptable linear load-deformation 
characteristics over a wide range, thus simplifying analysis of read- 
ings. Permanent deformation of the balls is measured with microm- 
eters, and the corresponding load is determined from the static- 
calibration curve, above. Acceleration, g, is equal to the static 
load divided by the value, lb, of the inertia weight. Response of 
the accelerometer has a linear dependence with temperature, the 
deformation at —65F being approximately 15 per cent less than 
that at 160F for equivalent loads. Under nonaxial loads up to 
60-degree obliquity, the accelerometer responds to the peak axial 
component within +10 per cent. 
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from OHMITE 


IL-R-19365C — 





the: 


“Dividohm” 
- Adjustable Resistors 


HIGHLIGHTS OF MIL-R-19365C-—This revised specification STARS HO ee 
covers power-type, wire-wound, adjustable resistors from | to DIMENSIONS OHMS 
15,000 ohms inclusive. Resistance tolerance is specified as + 5% STYLE | WATTS | LENGTH | DIA — 
for all eight power ratings which are listed at right. The maxi- RX29 1] %," : 
mum continuous operating temperature is 350°C (Char. V). RX32 17 
MIL-R-19365C resistors are the tubular type with single- RX33 26 
layer windings and lug-type terminals—two fixed and one RX35 55 
adjustable. RX36 78 
Ohniite can supply all eight adjustable resistors to meet every RX37 113 
requirement of MIL-R-19365C. Higher resistances using smaller RX38 159 
wire sizes are available, also, to meet the performance require- RX47 210 
ments of this new MIL specification. see renee 
Write for Military Catalog 50B—the ‘“‘Easy Way” to Order 
MIL Resistors. 
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OHMITE Offering you complete availability of these MIL 
OHMITE MANUFACTURING COMPANY resistors so quickly is another indication of 


3618 Howard Street, Skokie, Illinois Ohmite’s ability and desire to give industry the 

Rheostats Power Resistors Precision Resistors finest, most advanced resistance products with the 
Variable Transformers Tantalum Capacitors best of service. 
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BuShips Backs Research 
On Sodium Fuel Cell 


Prototype Doubles H2-O2 Cell Output 


New Yorx—A new type fuel cell, 
now in the prototype-construction 
stage, may supplant storage batter- 
ies on warships. Designed to deliver 
75 kw, the prototype powerplant 
will be 15 times lighter than bat- 
teries of the same capacity, will 
weigh less than 3 Ib per kw-hr. 

Being developed for the Navy by 
M. W. Kellogg Co. (subsidiary of 
Pullman Inc.), the fuel-cell system 
will operate on oxygen and an 
amalgam of sodium in mercury. This 
relatively unfamiliar type of cell has 
several advantages over hydrogen- 
oxygen systems: 


® It develops twice the voltage, 
needs fewer cells for the same size 
powerplant. 
© It requires less space for fuel 
storage. 
e Sodium fuel can be more safely 
handled than hydrogen. 

“Three separate technological 
areas are involved in designing and 
building an engine of this sort,” says 


Dr. Alex G. Oblad, Kellogg’s vice 
president of research and develop- 
ment. “First is the fuel cell itself, 
but this area now presents few 
problems. An earlier research pro- 
gram proved its feasibility for Naval 
applications, although bringing to 
light many engineering problems 
that would have to be solved.” 

The second area—that of resolv- 
ing engineering problems—has also 
been completed; cells have been con- 
structed and auxiliary hardware de- 
signed. The Navy has been con- 
vinced that a fuel-cell system can be 
developed to the specific require- 
ments dictated by warship applica- 
tions. 

The job remaining is to convert 
the laboratory model into a practical 
powerplant. A realistic duplication 
of actual operating conditions will 
be required. For example, using a 
simuiator, designers will put the 
prototype through pitch, roll, and 
yaw tests. 

The contract, with the Bureau of 
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How It Works: 


Open-circuit voltage of the sodium 
cell nearly doubles that of hydrogen- 
oxygen units. Voltage falls off as 
current picks up, but ohmic and elec- 
trode losses can be made quite small, 
and large currents can be drawn 
from single cells. The 2-volt output, 
a major advantage of the device, is 
due to the high position of sodium in 
the electromotive series. 


Ships, calls for the company to de- 
sign and test a complete Naval pow- 
erplant. According to Warren L. 
Smith, president of Kellogg, this de- 
cision represents “one of the first 
large applications of the fuel-cell 
principle to specific power and serv- 
ice requirements.” 


ire 


I 


An explosion would occur if a pure-sodium electrode 
were immersed in aqueous electrolyte, so a dilute 
solution (amalgam) of sodium in mercury is used. The 
amalgam flows down a steel plate, forming a thin 
film on the surface. The film, acting as the anode, 
gives up electrons to the electrical circuit and sodium 
ions to the electrolyte. Depleted amalgam falls to 
the bottom of the cells and is removed. Oxygen gas 
is supplied to a hollow cathode that has a porous 
sintered-metal plate as one surface. At the cathode, 
electrons from the anode react with the oxygen and 
water from the electrolyte, forming hydroxyl ions. In 
the electrolyte, sodium and hydroxyl ions combine to 
generate caustic soda (NaOH). The cell operates at 
atmospheric pressure and at a 140-F temperature. 











Electrolyte bath 
( water +/Vo0H) 
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Gates 


advanced design drive 
SAVES 
money, 


space, 


on | 

every machine . YN 

yOu en | 
p 


make 


The machines you design can be more compact, lighter 

weight and lower cost by using Gates Super HC High Capacity 
V-Belt Drives. Because of exclusive construction features, 

this high capacity drive — industry’s first — can often cut in 

half the space formerly required for a V-belt drive. Gates 

Super HC Drive is your best assurance that your power 
transmission unit will not soon become obsolete. 

The Gates Field Engineer near you is an experienced, fully- 
qualified drive design expert. Contact him for drive design heip. 


Building the future on 


50 years of progress | Aa an The Gates Rubber Company, Denver 17, Colorado 


Gates Super HE V-Belf Drives 


BP-9 
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Thermal Drill 
Taps the Poles 





cinema 


Cuicaco—Probing 12,000 ft into an 
ice cap, a new heating tool digs up 
ancient history as it helps the Army 
pick radar sites in the Arctic. De- 
signed by Pollack and Skan Inc., 
the device sinks a 6-in. hole in a 
glacier, capturing 10-ft long cylin- 
ders of ice as it goes. The cores, 
examined for structure, chemical 
composition, and insoluble-particle 
content, provide data on the con- 
tinental ice sheets and former Arc- 
tic climates. 

Called a thermal drill, the in- 
strument measures about 23 ft long, 
looks like a hollow telephone pole. 
Electrical equipment is at one end 
and a circular heating element is 
at the other. Heated to a maximum 
of 400 F, the element melts its way 
around a core of ice at the rate of 
6 in. per min. The core is held in 
the drill and removed after the drill 
is lifted. Once a core is unloaded, 
the drill can be sunk another 10 ft, 
until it reaches its maximum pene- | 
tration. Mechanical drilling meth- if 
ods limit ice coring to a depth of 
1300 ft. 

The hole made by the drill is 
kept filled with oil which is ob- 
served for temperature profile, plas- 
ticity, seismic-wave velocities, and ond thé ts eed tae 
flow velocity. The holes will be oil = yay weet, weed ie 4 
filled for several years so that the tank when the drill is cutting, 
Army can measure data changes over _is drained out once the ice 
a reasonable time interval. chamber is empty (right). 














Each time an ice core fills the 
storage chamber, the drill is 
brought back to the surface 


Built in sections, the 800-Ib drill forms a straight, rigid struc- 
ture that will not bind in ice. Power cable (2300 v) attaches 
to an oil-filled terminal chamber (1); power is stepped down 
to 230 v in the transformer chamber (2). As the drill melts 
through the ice, water formed is pumped into a storage tank 
(3) by a submersible pump and motor (4). The ice core is held 
in a core barrel (5) that signals the crew when it is full (via 
a limit switch). At this time, the core cutter (6) separates the 
core from the ice, holding it in place while the drill is raised. 
The drill head (7) consists of 20-cartridge-type heating elements 
arranged in a circle. 
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do_you need a higher efficiency — 
small blower wheel? ; 


_ POSTAGE WILL BE PAID BY 
Mr. William H. Wentling, Director of Engineering 
THE LAU BLOWER COMPANY 
2027 Home Avenue 
Dayton 7, Ohio 
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Painted aluminum . . . 

that retains its reflective luster has 
been developed by Reynolds Metals 
Co., Richmond, Va. On bright sheet, 
Reflective Colorweld has a mirror-like 
quality superior to color anodizing, 
according to Reynolds, and on all other 
surfaces, it is as bright as color ano- 
dizing. Also, aluminum with the new 
finish can be formed with less likeli- 
hood of damage than anodized alu- 
minum. Suitable for appliance and 
automotive trim, Reflective Colorweld 
is made in ten colors with either 
bright, embossed, or brushed finish. 


Spherical powders . . . 

offer improved quality of sintered parts 
and better flowability, according to 
Thermal Dynamics Corp., Lebanon, 
N. H., which is now producing metals, 
ceramics, refractory metals, oxides, car- 
bides, and other materials in this form. 


Spheroidization of particles permits 


sieve sizes from 100 through 325. 


Jet-black dyeing .. . 


high-density vibration packing or pro- 
duces controlled-porosity bodies through 
pressing and sintering. Spherical pow- 
ders of zirconia, alumina, mullite, tung- 
sten, stainless, copper, aluminum, etc., 
can be furnished in standard ASTM 


of anodized aluminum can be done in 
15 minutes, at 12 amp per sq ft of 





surface area, with a process developed 
by Colonial Alloys Co., Philadelphia. 


Result is a deep, hard, clean surface. 
Conventional methods take 45 to 60 
minutes of anodizing and often result 
in dull, relatively soft, and smutted 
surfaces. 


Corrosion resistance .. . 

has been increased in type 433 stain- 
less steel, developed by Allegheny Lud- 
lum Steel Corp., Pittsburgh, for auto- 
motive use. The new alloy is similar 
to type 430, with molybdenum and 
copper added. It has stood up well 
against corrosion in laboratory tests, 
and hub caps and moldings are now 
being service-tested. 


A piece of platinum... 

attached to a tantalum part prevents 
hydrogen embrittlement, according to 
Union Carbide Metals Co., division of 
Union Carbide Corp., New York. In 
some cases, corrosion rate of the tan- 
talum actually decreases. 


Permanent self-lubrication . . . 

is built into Deva metal, a homogene- 
ous and nonporous solid manufactured 
by Universal Metallic Packing Co. Ltd., 
England. The material is made by com- 
pacting natural or colloidal graphite 
powder with primary or alloyed metal 
powders. Friction causes formation of 
a graphite film on the contacting metal 
surface. Various grades of bronze, 
brass, and iron are used as the metal- 
lic constituent of Deva metal, cov- 


ering the operating temperature range 
of —330 to 1100 F. The material is 
easy to machine, has Brinell hardnesses 
between 50 
strengths from 12 to 18 tons per sq 
in. Coefficients of friction vary from 
0.05 under favorable conditions to 0.3 
under very unfavorable conditions. 


Nuclear certification . . . 
for its aluminum welding and brazing 
alloys 718, 


grade alloys are certified to contain 


Precision cold extrusion .. . 


Manufacturing and Materials Tech- 
nology Div., Air Materiel Command 


and 82, compression 


1100, and 4043 is an- 
nounced by All-State Welding Alloys 
Co. Inc., White Plains, N. Y. Nuclear- 


less than a specified amount of lith- 


ium, cadmium, boron, and cobalt. 


was used to produce titanium fittings 
by Battelle Memorial Institute for the 


Aeronautical Systems Center, U. S. Air 
Force. In a pilot run, No. 10 size 
hexagonal nuts for MS-type aircraft 
quality flareless tube fittings were ex- 
truded, finish machined, and threaded 
at a little more than half the cost of 
conventional steel or aluminum nuts 
produced entirely on automatic screw 
machines. Part of the savings is in 
stock: The starting billet used in cold 
extrusion weighs only half as much as 
one required for screw machining, and 
it can be cut from round, instead of 


hexagonal, bar stock. 








April 4-6— 

National Microfilm Association. 
Tenth Annual Meeting and Con- 
vention to be held at the Sherman 
Hotel, Chicago. Additional infor- 
mation can be obtained from the 
association’s executive secretary, 
Vernon D. Tate, P. O. Box 386, 
Annapolis, Md. 


April 4-7— 

Society of Automotive Engineers 
Inc. National Aeronautic Meeting, 
including production forum and 
display, to be held at the Hotel 
Commodore, New York. Further in- 
formation is available from SAE 
headquarters, 485 Lexington Ave., 
New York 17, N. Y. 
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April 5-7— 

Institute of Environmental Sci- 
ences. Annual Technical Meeting 
and Equipment Exposition to be 
held at the Park Sheraton Hotel, 
Washington, D. C. Further infor- 
mation can be obtained from Henry 
F. Sander, executive secretary of 
IES, P. O. Box 191, Mt. Prospect, III. 


April 6-7— 

American Society of Mechanical 
Engineers-Society for the Advance- 
ment of Management. Management 
Engineering Conference to be held 
at the Statler Hilton Hotel, New 
York. Further information can be 
obtained from ASME Meetings 
Dept., 29 W. 39th St., New York 
18, N. Y. 


April 9-13— 
American Society of Mechanical 
Engineers. Oil and Gas Power 


Conference and Exhibit to be held 
at the Jung Hotel, New Orleans. 
Additional information is available 
from ASME Meetings Dept., 29 W. 


39th St., New York 18, N. Y. 
(Please turn to Page 42) 





“How are things otherwise?” 
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TRANSPARENT BOWL WITHSTANDS 
RIPPING IMPACT OF BULLETS 


NEW NORGREN S““=*) Green 


Norgren SAFETY GREEN’ bowl doesn't shatter... yet is fully transparent 


Bowls for compressed-air-line filters and lubricators 
should be transparent to permit quick visual in- 
spection. However, in the past, unusual or special 
applications often required the use of bowl guards 
or wire reinforcements . . . sacrificing the advantage 
of transparency. 


Now ... from Norgren... you get a fully transparent, 
yet super-tough, impact-resistant bowl designed for 
even the most severe service. As these photos dra- 
matically portray, the new Norgren bowls are trans- 
parent and are able to withstand conditions far more 
exacting than ever encountered in ordinary use. Non- 
shattering bowls mean reduced replacement cost, less 
air-tool and equipment down-time, savings in main- 
tenance and operating costs, greater employee safety. 


These new SAFETY GREEN’ bowls are now available 
for most Norgren air-line filters and lubricators—or 
may be obtained separately for replacement purposes 
from your local Norgren representative or distributor. 





Heavy steel bar dropped endwise from 12 ft. height merely : ; ‘ 
scuffed surface of bowl carrying over 200 psi internal pressure. Or, write for full information. 





As a further test of toughness, the then compressed almost flat. Even in this Turned and gqueezed again back to its origi- 
new Norgren bowl was placed in extreme position, the bowl did not break or nal shape, the bow! still showed no cracking. 
a heavy machine shop vise... even crack. Except for vise marks almost good as new! 











LWITHNO 
SHATTERING! § 0 er 


















, <2 
& 
: ae Specify Norgren 
7 SAFETY GREEN Bowls 
so 
. 'jikyv 


Large photo shows bowl after test. Only damage to bow! is clean 
bullet hole with no cracking, crazing or shattering. Impact has 
broken gauge. This test clearly demonstrates extreme toughness 
of Norgren SAFETY GREEN bowls. 
FOUNDED IN 1926 


. .. for complete information, write C. A N 1 R G Q 7 N C (). 


3442 SOUTH ELATI STREET ENGLEWOOD, COLORADO 
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THESE 
TEMPLATES... 


“‘PACKAGE’’ 


wrap up 
your right-angle 
design problem! 


. .. And the transition to the “Package” 
concept of right-angle power transfer is 
that simple with this easy-reference tem- 
plate kit. 18 basic Crown right-angle 
units are shown on six template sheets, 
each full scale. 

WHY spend countless hours on research 
and drawings? WHY purchase expensive 
patterns, core boxes, castings, steel and 
other materials? WHY manufacture fix- 
tures and gages? WHY machine, inspect, 
assemble and test components? 

WHY NOT OBTAIN THE IDEAL SOLUTION 
TO YOUR RIGHT-ANGLE PROBLEM... 
IMMEDIATELY, AND AT TREMENDOUS SAV- 
INGS? 

Your local Crown Gear Distributor 
(Listed in Power Transmission Design Di- 
rectory) has the answers .. . and your 
Template Kit. Call him or consult factory. 


Ci) CROWN 


320 PARK AVE., WORCESTER 10, MASS. 
A Division of Harrington & Richardson, Inc. 
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(Continued from Page 39) 


April 10-11— 

Society of Naval Architects and 
Marine Engineers. Annual Spring 
Meeting to be held at the Hotel 
Mark Hopkins, San Francisco. Fur- 
ther information can be obtained 
from society headquarters, 74 Trin- 
ity Place, New York 6, N. Y. 


April 10-14— 

International Institute of Welding. 
Annual Assembly, to be held at the 
Sheraton-Atlantic Hotel, New York, 
will join the American Welding So- 
ciety meeting the following week. 
Additional information is available 
from AWS headquarters, 33 W. 
39th St., New York 18, N. Y. 


April 11-13— 

American Society of Lubrication 
Engineers. Annual Meeting to be 
held at the Bellevue-Stratford Ho- 
tel, Philadelphia. Further informa- 
tion can be obtained from ASLE 
headquarters, 5 N. Wabash Ave., 
Chicago 2, III. 


April 17-19— 

Fifth Conference on Manufactur- 
cosponsored by 
Purdue University and Manufac- 
turing Engineering Council and 
Automation magazine, to be held 
at Purdue University, Lafayette, 
Ind. Further information is avail- 
able from K. E. Glancy, Div. of 
Adult Education, Purdue Univer- 


sity, or Automation, Penton Bldg., 
Cleveland 13, Ohio. 


| April 17-21— 


American Welding Society. 42nd 


_ Annual Convention and Welding 


Exposition to be held at the Coli- 


| seum, New York. Technical meet- 


ings will be held at the Commodore 
Hotel. Additional information is 
available from society headquarters, 


33 W. 39th St., New York 18, N. Y. 


April 17-21— 

Business Equipment Exposition 
to be held in the Coliseum, New 
York. Sponsor is the Office Equip- 
ment Manufacturers Institute. Fur- 
ther information is available from 
OEMI, 777 14th St. N.W., Wash- 
ington 5, D. C. 


April 18-20— 
New England Electrical Trade 


Show to be held in the Common- 
wealth Armory, Boston. Sponsor is 
the Electrical Manufacturers Rep- 
resentatives Club of New England. 
Additional information can be ob- 
tained from Charles A. Stone, 45 
Morrissey Blvd., Boston 25, Mass. 


April 20-21— 

Society of the Plastics Industry 
Inc. Annual Western Section Con- 
ference to be held at the Hotel del 
Coronado, Coronado, Calif. Fur- 
ther information can be obtained 
from SPI headquarters, 250 Park 
Ave., New York 17, N. Y. 


April 23-26— 

American Society of Mechanical 
Engineers. Metals Engineering Con- 
ference to be held at the Penn 
Sheraton Hotel, Pittsburgh. Fur- 
ther information is available from 
ASME Meetings Dept., 29 W. 39th 
St., New York 18, N. Y. 


April 24-26— 

American Society of Mechanical 
Engineers. Annual Conference of 
the Metals Engineering Div. to be 
held at the Penn-Sheraton Hotel, 
Pittsburgh. Further information is 
available from ASME Meetings 
Dept., 29 W. 39th St., New York 
18, N. Y. 


April 26-27— 

High-Temperature Materials Con- 
ference to be held at the Pick-Carter 
Hotel, Cleveland. Sponsor is the 
Cleveland section of the American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers, in co-op- 
eration with the High Temperature 
Alloys Committee and the Refrac- 
tory Metals Committee of the Insti- 
tute of Metals Div. of the Metal- 
lurgical Society. Further information 
is available from the Metallurgical 
Society of AIME, 29 West 39th St., 
New York 18, N. Y. 


April 26-28— 

Institute of Radio Engineers. 1961 
Conference of the Seventh Region 
to be held at the Hotel Westward 
Ho, Phoenix, Ariz. Further infor- 
mation can be obtained from Ev- 
erett Eberhard, Motorola Military 
Electronics Div., 8201 E. McDowell 
Rd., Scottsdale, Ariz. 


May 2-3— 
Lead Industries Association. An- 


nual Meeting to be held at the 
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2300°HOT ... but not bothered! 


Rerorrs made of HASTELLOY alloy X and used for controlled- 
atmosphere brazing of rocket and missile parts at 2300 deg. F —last 
up to twice as long as retorts previously used. The alloy’s high 
strength and resistance to oxidation and thermal shock make thinner 
walls possible. This in turn shortens heating cycles by 25 per cent 

. .. and cuts fuel costs by as much as 40 per cent. 

Total savings during the 100-day lifetime of the retorts is about 
$1000 —resulting from lower first cost, shorter heating cycles, 

150 additional cycles per retort, and reduced costs for fuel and 
welding maintenance. 

Resistance to stress, to thermal shock, to erosion, corrosion, 

and fatigue, are typical properties that make HAYNEs alloys so 
extremely useful in jet engine turbine wheels, in ramjets, missiles, 
rockets, as well as industrial heat-treating applications. 

Whether investment- or sand-cast, rolled, wrought, vacuum 
melted, or air melted, there’s a HAYNEs high-temperature alloy 

to meet your needs. 


Retort made of HasTE.toy alloy X 
is removed from furnace after braz- 
aAaL.Lowys 
HAYNES STELLITE COMPANY 


Address inquiries to Haynes Stellite Company, Division of Union Carbide Corporation 
270 Park Avenue, New York 17, New York. Kokomo, Indi UNION 


CARBIDE 
“Haynes,” “‘Hastelloy,”’ and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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MILLIONS SAVED IN TEST SET-UP TIME with Ling’s 
Dynamic Equalizer/Analyzer...the Industry Standard 


\/ More than 40 of these popular-priced equalizing systems are now in continuous service 
on all major missile projects and in private testing laboratories. Here’s why. Only Ling’s 
new Dynamic Equalizer/Analyzer System permits you to set up a shaped input faster, 
analyze unknown spectral density at a glance, and equalize spectrum variations rapidly 
even while the test is in progress. Actual field experience shows a ten to one savings in 
test time over conventional methods. Ling engineering makes the difference! This remark- 
able system features simplified controls. A series of separate filters split the entire band- 
width of 10 to 2000 cps into segments of 100 cps or less, providing the operator 
independent control over each segment with separate adjustable attenuators. Band pass 
characteristics of the analyzer filters are matched to those of the equalizer giving the operator a continuous picture of the shaker 
acceleration output. The analyzer continuously and simultaneously reads out each channel in g?/cps. Corrections in energy 
distributions can be made immediately by simply adjusting the filter attenuators. Ling provides fast set up, sure control, and 
continuous readout directly calibrated in g*/cps on individual meters. For details of the ESD/ASD-20, write Dept. MD-361 


at our Anaheim address. 











LING-TEMCO ELECTRONICS, ING. 
LING ELECTRONICS DIVISION 
1515 SOUTH MANCHESTER, ANAHEIM, CALIFORNIA * PRospect 4-2900 
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LING ELECTRONICS 


The dynamic Equalizer/Analyzer Sys- 
tem shown at the left is just one of the 
numerous improvements to grow out of 
Ling’s research and development pro- 





The Linc Spectra Density EguaL- 
IZER consists essentially of 26 sharp cut- 
off band pass filters and a low frequency 
compensating control that are driven 
from a common source. The filters cover 
the 10-2000 cps frequency range and 
separate the input test signal into 26 
narrow frequency bands. By individu- 
ally adjusting the filter outputs, the 
spectrum of the input signal can be 
shaped to compensate for any undesira- 
ble transfer characteristics in the 
shaker, fixture, or the specimen being 
tested. 


ow 


® 
F 
be 
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The Linc SpectTRAL Density ANa- 
LYZER includes 30 sharp cutoff band 
pass filters all driven from a common 
source. Twenty-six of the filters dupli- 
cate the frequency bands of the ESD- 
20 Equalizer. Each filter output signal 
may then be read directly calibrated to 
g?/cps on the analyzer meters. Three 
of the other four filters serve as indi- 
cators for the spectrum from 10 to 70 
cps and one reads total rms g above 
2000 cps. No time consuming conver- 
sion is necessary. 


A typical Ling sine and minimum ran- 
dom console available in multiple cabi- 
net configurations. 


ior 


LING-TEMCO ELECTRONICS, INC. 


LING ELECTRONICS DIVISION 


HIGH POWER ELECTRONICS FOR 
VIBRATION TESTING + ACOUSTICS + SONAR 
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Drake Hotel, Chicago. Additional 
information can be obtained from 
association headquarters, 292 Mad- 
ison Ave., New York 17, N. Y. 


May 8-12— 

American Foundrymen’s Society. 
Castings Congress and Exposition 
to be held at Brooks Hall and the 
Civic Auditorium, San Francisco. 
Further information can be ob- 
tained from AFS headquarters, Golf 
and Wolf Roads, Des Plaines, IIl. 


May 8-12— 

National Industrial Production 
Show of Canada to be held at the 
Industry and Coliseum buildings, 
Canadian National Exhibition 
Park, Toronto. The Canadian sec- 
tion of the American Society of Me- 
chanical Engineers is among the 
sponsors. Additional information 
on the show is available from E. M. 
Wilcox Ltd., 19 Melinda St., To- 
ronto, Canada. 


May 9-l1— 

Western Joint Computer Confer- 
ence to be held at the Ambassador 
Hotel, Los Angeles. Further infor- 
mation can be obtained from con- 
ference headquarters, 721 N. La 
Brea Ave., Los Angeles 38, Calif. 


Short Courses 
and Symposia 


March 28— 

17th Annual Quality Control 
Clinic to be held at the University 
of Rochester, Rochester, N. Y. 
Sponsor is the Rochester Society for 
Quality Control. Further informa- 
tion can be obtained from Albert 
D. Rickmers, Associate Professor, 
College of Graphic Arts and Pho- 
tography, School of Photography, 
Rochester Institute of Technology, 
65 Plymouth Ave. South, Rochester 
8, N. Y. 


March 28-29— 

Symposium on Nucleonics in 
Flight to be held at the Statler- 
Hilton Hotel, Dallas, Texas. Sym- 
posium will consider nuclear aspects 
of atmospheric and space systems 
for manned and/or unmanned 
space travel. Further information 
is available from Eldred L. Burk- 
hard, Chairman, North Texas Sec- 
tion, American Nuclear Society, 
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Convair Div., Fort Worth, Texas. 


April 5-7— 

Engineering Institute on Statis- 
tical Quality Control Appreciation 
to be held at the University of Wis- 
consin. Additional information can 
be obtained from Engineering In- 
stitutes, 3030 Stadium, University 
of Wisconsin Extension, Madison 6, 
Wis. 


April 11-12— 

Seminar on Engineering Stand- 
ards: Procedures, Practices, and 
Problems to be held at the Univer- 
sity of Wisconsin. Further informa- 
tion is available from Engineering 
Institutes, 3030 Stadium, University 
of Wisconsin Extension, Madison 6, 
Wis. 


April 17-19— 

Seventh National Symposium on 
Instrumental Methods of Analysis, 
to be held at the Shamrock-Hilton 








“We've just got to have 
more room, J.B.” 





Hotel, Houston. Sponsor is the In- 
strument Society of America; addi- 
tional information is available from 
Meetings Services Dept., ISA, 313 
Sixth Ave., Pittsburgh 22, Pa. 


April 17-21— 

Short Course on Strain Gage 
Techniques, sponsored by the So- 
ciety of Experimental Stress Anal- 
ysis and Southwest Research Insti- 
tute, to be held at the Granada Ho- 
tel, San Antonio, Texas. Emphasis 
will be placed on high and low- 
temperature applications, and lec- 
tures will be supplemented by labo- 

(Please turn to Page 48) 
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CHEMICAL ANALYSIS AND PHYSICAL PROPERTIES 


Ladle Chemical Analysis, percent 





Carbon 
Manganese 
Phosphorous 


-25 max. 
1.60 max. 
-040 max. 








Sulphur 
Silicon 
Copper 





-050 max. 
.30 max. 
Optional 





Minimum Physical Properties 





THICKNESS 


To 5/16” 


Over 5/16” 
to 
3/8” incl. 


Over 3/8” 


to 
1/2” incl. 





Yield point, psi 


Tensile strength, psi 
Elongation in 2”, % 


50,000 
70,000 
20.0 








47,000 
70,000 
20.0 


Ladle Chemical Analysis, percent 


45,000 
70,000 
20.0 








Carbon 
Manganese 
Phosphorous 


-23 max. 
1.40 max. 
040 max. 








Sulphur 
Silicon 
Copper 





Minimum Physical Properties 





THICKNESS 


To 1/2” 
incl. 


Over 1/2” to 
1%” incl. 





Yield point, psi 


Tensile strength, psi 


Elongated in 2” 


1% 


Ultimate compressive strength 
Ultimate shearing strength. .equal to % tensile strength 
Modulus of elasticity, psi 


Endurance limit (normalized), psi 


Charpy impact, keyhole notch 
(As rolled room temperature, av. ft. Ibs.).......... 30 


Coefficient of expansion, per degree F. 
a ag SERS ae ee ee .0000063 


Thickness of product 


45,000 
70,000 
22.0 








42,000 
65,000 
22.0 


equals tensile strength 


dak 


28,000,000/30,000,000 


40,000 





inside Radii 
Yoloy Grade A | Yoloy Grade B 





1/16” to 1/4” incl. 


2-Ya x thickness 


Over 1/4” to 1/2” incl. | 3-2 x thickness 


Hot forming is recommended for thicknesses over 1/2” 


2 x thickness. 
3 x thickness. 


WELDING Yoloy M may be butt welded satisfactorily using the low 
hydrogen electrode without preheat. Similar results were obtained on 
fillet welds. The parent metal failed before the weldments. 


YOLOY 


high strength steel outlasts 
ordinary steels—makes tough 
equipment tougher 


Youngstown's Yoloy M is a special steel for pun- 
ishing jobs. It is a giant shovel’s bucket teeth, 
bulldozer blades, tracks for cats. A steel to stand 
up under weather and wear. Yet Yoloy M costs 
less in the long run because it outlasts others. 


Yoloy M is a low carbon open hearth steel al- 
loyed with precise amounts of copper and manga- 
nese. It resists atmospheric corrosion up to 2 
times better than carbon steels—is up to 40% 
stronger. You replace weight with strength. You 
get a tougher, harder steel to keep heavy equip- 
ment working longer under any and all conditions. 


Youngstown makes Yoloy M in two different types 
to suit your specifications: Grade A and Grade B. 
Yoloy Grade A is recommended for light plate and 
intermediate thickness applications where only 
moderate forming and simple welding are in- 
volved. Yoloy Grade B is for special applications 
involving intricate forming and greater resistance 
to shock and impact. Both are available in hot 
rolled bars, bar shapes, plates, sheets and strip. 


Specify high quality Youngstown Yoloy M when 
you want rugged, efficient higher strength steel. 


growing force in steel 


For complete information about Yoloy Steel, write: Department 3-A. 
The Youngstown Sheet and Tube Company, Youngstown, Ohio 
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B SAVE SPACE and 
REDUCE COSTS 


with 


AURORA 


VERTICAL 
END-SUCTION 


PUMPS 


Capacities to 1800 GPM 
Heads to 320 Feet 


This close-couple, vertical mounting design provides the 
extreme compactness that is so important for the many 
applications where space allocation is critical. Flanged 
suction mounting cuts piping costs by direct mounting 
to tank. Separate foundation arrangement is eliminated 
along with any alignment problems. Optional discharge 
arrangement permits the most simplified installation. 
The many desirable features of the Horizontal End 
Suction Pumps are retained... motor and rotary as- 
sembly easily removable without disturbing the suction 
or discharge piping ... low NPSH ... smooth quiet oper- 
ation. Available in vertical base mounting design as well 
as close coupled or flexible coupled horizontal models. 


WRITE TODAY FOR BULLETIN 
AURORA PUMP ouvision 


THE NEW YORK AIR BRAKE COMPANY S| 
800 LOUCKS . AURORA, ILLINOIS 


LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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ratory work. Additional informa- 
tion can be obtained from Dr. M. 
M. Lemcoe, Southwest Research In- 
stitute, P. O. Box 2296, San Antonio 
6, Texas. 


April 18-19— 

Process Planning-Operations Re- 
search Seminar to be held at the 
Statler Hilton Hotel, Cleveland, un- 
der the sponsorship of the American 
Society of Tool and Manufacturing 
Engineers. Further information is 
available from ASTME headquar- 
ters, 10700 Puritan Ave., Detroit 
38, Mich. 


April 18-19— 

Engincering Institute on Nomog- 
raphy to be held at the University 
of Wisconsin. Additional informa- 
tion can be obtained from Engi- 
neering Institutes, 3030 Stadium, 
University of Wisconsin Extension, 
Madison 6, Wis. 


April 30-May 4— 

Acro-Space Instrumentation Sym- 
posium, sponsored by Instrument 
Society of America, to be held at 
the Adolphus Hotel, Dallas. Fur- 
ther information is available from 
W. J. Gabriel, Group Engineer, 
Convair Div., General Dynamics 
Corp., Ft. Worth, Texas. 


May 8-9— 

Lubrication Symposium, spon- 
sored by American Society of Me- 
chanical Engineers, to be held at 
the Deauville, Miami Beach, Fla. 
Additional information is available 
from ASME Meetings Dept., 29 
West 39th St., New York 18, N. Y. 


May 8-10— 

Fourth National Power Instru- 
mentation Symposium, sponsored by 
Instrument Society of America, to 
be held at the La Salle Hotel, 
Chicago. Additional information can 
be obtained from ISA, 313 Sixth 
Ave., Pittsburgh 22, Pa. 


May 9-10— 

Engineering Institute on Product 
Development to be held at the Uni- 
versity of Wisconsin. Additional. 
information can be obtained from 
Engineering Institutes, 3030 Stadi- 
um, University of Wisconsin Exten- 
sion, Madison 6, Wis. 
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LICOLOGY 


Studes in S&ieones 


HOW THESE TIME-TESTED MATERIALS 
CAN WORK FOR YOU 





As the Jets Go Faster, Hotter... 
Silicones Match Their Needs 


Just a few years ago, silicones were 
“wonder chemicals of the future: Today, 
their future is here. In the aviation 
industry they are firmly established as 
reliable materials of jet age technology 
and engineering, with properties unat- 
tainable in any other practical way. 

The applications of Union CarBIDE 
Silicone Rubber, for example, have mul- 
tiplied steadily. First used to make bomb 
bay door seals that would stay flexible 
in the intense cold of high altitudes, sili- 
cone rubber extruded shapes are now 
standard equipment on both military 
and commercial jets where lasting reli- 
ability is a basic requirement. 


FROM RADIOS TO OXYGEN MASKS 


Sensitive aircraft radar, radio, and other 
electronic equipment is designed today 
with much of its wiring insulated with 
silicone rubber. Flexible from far below 
zero to several hundred degrees F., it is 
resistant to ozone, light, and chemicals, 
and has excellent electrical properties. 


Soft, lightweight, flexible silicone rub- 





ber oxygen masks for both passengers 
and crew are now regular equipment 
for airlines and military alike. 

Jet engine hot-air starter hoses con- 
taining silicone rubber are equally at 
home in the arctic or tropics. They resist 
searing heat with a reliability that is un- 
matched by any other material. And sili- 
cone rubber’s thermal resistance plus its 
low compression set have gained, for it, 
widespread aviation use in O-rings, 
grommets, washers and boots. 


VITAL TO GLASS FIBER PANELS 


There are more and more places in 
modern jets where light, tough, glass- 
fiber-reinforced plastic panels and shapes 
serve yeoman duty. In cabin walls, par- 
titions, radomes, tail-cones, instrument 
panels, fairings, to name a few. In many 
of these, a Union Carsive silane plays 
a strong role. Applied to the fibers, it 
unites them chemically with the plastic. 
Thus it keeps moisture from penetrating 
between these vastly unlike materials, 
preserving panel strength and extending 


CONVAIR 880 JET TRANSPORT. Silicones contribute in many 
ways to the reliability of this new high-performance aircraft. 
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its working life spectacularly. 

And today Union Carsie Silicone 
Resins are in growing demand for high- 
temperature paint systems to insure 
maintenance of smooth protective sur- 
faces on the wings and bodies of super- 
sonic jets. 

Among the varied uses of Union 
CarRBIDE Silicone Fluids there is one 
that ranks them in importance with rub- 
bers and resins. For without this all- 
temperature, constant-viscosity damping 
fluid in instrument needle-shaft bear- 
ings, these delicate devices would be far 
less reliable ... and safe. Another very 
important factor is that silicone fluid’s 
extremely high compressibility allows 
damping devices to be of smaller size. 


RE-APPRAISE YOUR OWN NEEDS 


In the aircraft industry, especially, tech- 
nology and development are changing 
more rapidly than ever before. Perhaps 
you are overlooking a good bet —some 
place in the design of your products 
where silicones can serve you, improv- 
ing quality at surprisingly low cost. Send 
the coupon for further information. 


UNION 
CARBIDE 


SILICONES 


Union Cars is a registered trade mark 
of Union Carbide Corporation. 


Silicones Division 

Union Carbide Corporation 

Dept. CL-VlUL 

270 Park Avenue, New York 17, N. Y. 


In Canada: Union Carbide Canada Ltd., 
Bakelite Division, Toronto 12. 


Please send me data on 


NAME 
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Is your secretary better equipped than 
your engineers or draftsmen? 











She deserves the best, bless her, and often 
gets it—but your skilled draftsmen, too, 
need today’s tools to cope with 

today’s demands. 


Your draftsmen, your productivity, deserve 
new Hamilton space-and-time-saving 
equipment —from Dietzgen 


Even your most efficient and productive men turn 
out better work with high-quality, professionally 
m designed drafting equipment. They will ac- 
complish more, make fewer errors and be far 
less fatigued when they work with Hamilton 
professional equipment. Basic Hamilton design 
gives your engineers or draftsmen newcapacity for 
increased efficiency and improved morale. Our 
designers will help plan your individual needs. 


HAMILTON DELUXE AUTO-SHIFT TABLE This 
unit combines modern styling with advanced features 
to create top efficiency. it greatly reduces fatigue, helps 
your men achieve the highest quality in draftsmanship 
and maximum production. Fully seasoned drawing 
surface is adjustable to individual height and slope 
requirements, providing complete board accessibility 
that reduces errors. Fest, simple adjustments. Un- 
usually durable and handsome in appearance, 





Hainitton CL 100 Drafting Table 
Conserves dollars, yet ruyged canted-leg 
design provides modern styling and 
convenience with long-term durability. 


Hamilton L-Contour Table 
Prestige-assured, individualized work area 
providing complete board adjustment plus 
extra storage and reference area. 


Hamilton Unit System Files 
Provide full protection, accessibility, and 
classification for all materials to be filed. 
Occupy minimum floor space. 


Drafting-Printmaking Bookiet 
reports new techniques for solving 
engineering and production problems 


This new 36 page booklet describes a 


wide variety of engineering and produc- 
tion problems that have been solved with 
advance techniques in drafting and print- 
making pioneered by Dietzgen. The con- 
cise, problem-solution approach suggests 
ways in which you may improve the effi- 
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ciency within your engineering depart- 
ment or eliminate production bottlenecks. 
Write today on your company letterhead 
for the Mechanics of Modern Miracles. 
Ask for Publication SPD2-A10. 

Eugene Dietzgen Co., Chicago 14, Illinois 
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PRINCIPAL OFFICES: CHICAGO * SAN FRANCISCO 


NEW YORK « NEW ORLEANS « LOS ANGELES « CALGARY 


SALES OFFICES AND DEALERS IN ALL PRINCIPAL CITIES 
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Truarce self-locking rings €) () replace 


other ‘Bo mm Be fasteners... eliminate 


tape recorder. Result: MoHAWK BUSINESS 
MACHINES CORP. Increased production 60% 
and sharply reduced assembly costs. 


PRODUCTION PROPOSITION: Find out how a Truare Engineer can help you 


eliminate unnecessary production steps and tools. Get his estimate of the savings 
you can expect in time, money and material on the final assembled cost of 

your product. Our Catalog AT 10-58 shows the complete line of Truare Rings and 
assembly tools. Send for your copy today. For immediate ; 

action call your nearest Authorized Truare Distributor. 

He’s as close as your Classified Telephone Directory. Look 

under: “Rings, Retaining.” 


WALDES A 
e TRUARC'retainine RINGS 


WALDES KOHINOOR, INC., 47-16 Auste! Place, Long Island City 1, N. Y. 


9 OUT OF 10 PRODUCTS CAN BE IMPROVED WITH TRUARC RETAINING RINGS 
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Gjovucu TON cyLinDER and ROD PACKINGS 


Why design to a 
proprietary standard? 


Compare overall stack heights shown 
in the table below, and you'll see 
what we mean. Listed are so-called 
“standard” heights of %4'' 3-ring 
fabricated ““V” packings offered by 
six major manufacturers. Overall 
heights range from a low of %"' up 
to 1%'' high . . . a variation of 
more than Y,"', 


COMPARATIVE STACK HEIGHT 
OF FABRICATED “V" PACKINGS 
PLUS ADAPTER NOW OFFERED 





c/s SOURCE 3/SET 





25/32 
41/64 
1 9/64 
45/64 
5/8 
23/32 





This means that in laying out a 
gland for fabricated “‘V” packings, 
the designer must first determine 
which manufacturer he wants to buy 
from before he completes his design. 
And once the gland is made for this 
particular brand of packing, re- 
placements of the same brand are 
almost mandatory. Another handi- 
cap—switching to a leather or 
homogeneous packing later would be 
extremely difficult because of the 
difference in stack heights. 

The use of Standard J.I.C. stack 
heights for fabricated “*V”’ packings 
is the obvious answer to this prob- 
lem. Yet, today Houghton is the 
only packing manufacturer who 
offers you uniform stack heights for 
all three major “V”’ packing mate- 
rials—fabricated, homogeneous and 
leather—making them interchange- 
able with respect to dash number, 
O.D., 1.D. and stack height. 

With Houghton “V” packings, 
you don’t have to compromise in 
material to meet your operating re- 


52 


quirements. Simply select the mate- 
rial best suited to the job and you 
know it will fit automatically. 

Complete interchangeability 
among Houghton leather, rubber, 
and fabricated “‘V” packings is the 
solution to a long-standing problem 
—the choice of material for an ap- 
plication that demands properties no 
single packing material can provide. 

Now, the identical stack heights 
of all Houghton V’s permit unlimited 
switching of V combinations in any 
gland, either with rings of the same 
material, or different materials with- 
in a set. 

You can use a leather V for anti- 
extrusion, strength, and low friction 
with rubber rings for wiping effici- 
ency and low cost. You can switch 


from homogeneous rubber to fabri- 
cated to gain extra strength. You can 
even use V’s of all three materials in 
the same gland. 

Leadership in packing standardi- 
zation is another reason major hy- 
draulic and pneumatic equipment 
manufacturers consider Houghton 
“packing headquarters”. Houghton 
is also the only manufacturer who 
offers a complete line of packings 
and fluids for almost any industrial 
hydraulic system. This experience 
in both fields is your guarantee of a 
completely unbiased recommenda- 
tion of compatible materials . . . the 
very best for your particular applica- 
tion. For more information or help, 
call or write: E. F. Houghton & Co., 
303 W. Lehigh Ave., Phila. 33, Pa. 


























WALUIUNNN TANNA 








HOMOGENEOUS 
RUBBER 








FABRICATED 
RUBBER 


OR LEATHER 

















Houghton “‘V” packings in 
leather, homogeneous and 
fabricated rubber meet 
J.1.C. standards. If a dif- 
ferent packing material is 
ever necessary in this gland, 
for example, Houghton 
leather or fabricated V’s 
could easily replace present 
rubber. 

















@ Houghton 


a IN PRODUCTI 


‘NOUSTRY’s PARTNE 
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Ss | N GE * INTIMERICATLI, 
CONTROL. 


The Singer Numerical Control System represents the most direct approach to point- 
to-point positioning yet conceived. It offers simplicity, reliability and economy, reducing 
costs of maintenance, labor and downtime. 

A major feature of Singer automation is modular design. This makes it possible 
to assemble basic units in a variety of control systems. 


AUTOMATIC POSITIONING SYSTEM 


For example, because of the simplicity of Singer modular design, an Automatic 
Positioning System can be furnished immediately as standard for use on a 
drilling machine to drive and position the work table and saddle motion. 

All that is required is a motor drive assembly (A) and a position indicator 
control (B) on each axis. This system will then operate with standard 
end measures. 

At any future time, tape control can easily be added to provide a complete 
Singer Numerical Control System, as shown below with a Fosdick 5BM 
Sensitive Drill Press. 





























tT 
piel!) DIEHL MANUFACTURING COMPANY 


SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Finderne Plant, Somerville, New Jersey 
Telephone: Randolph 5-2200 


*A Trademark of THE SINGER MANUFACTURING COMPANY 
tA Trademark of THE DIEHL MANUFACTURING COMPANY 


Lae *, 
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an element here 


_ 
BRY TYPE 
AIR FILTER 





and an element here 





assures 99.98% 
filtration efficiency 
even when 1 element 
is out of operation 


IT’S THE NEW PUROLATOR TWO-STAGE FILTER 


Simplicity of design makes the first cost of Purolator’s new 
dry-type two-stage filter as low as any two-stage filter on 
the market. Each element filters independently, and together 
they dustproof your engine as no other filter can . . . 99.98% 
efficient. 

Users save money and get better engine protection from 
this new Purolator filter, too. The first stage element will 
last up to 2000 hours, depending on operating conditions. 
The second stage will usually last almost indefinitely if the 
first element and sealing gaskets are maintained properly. 

Another big user-advantage is the way the two-stage 
design protects the engine despite accidental mishandling 
of the element. Even if the first stage element is damaged, 
the chance of harming the engine can be discounted when 
it is protected with the second stage back stop element. 
In addition, the second stage element lets the operator 
service the unit in the field, regardless of how dusty the 
conditions are. 


Purolator Products, Inc. 
Dept. 3896, Rahway, New Jersey 


Please send me complete data on the new Purolator two-stage filter series. 


Nome Title 


Both elements filter uniformly, in depth, over their whole 
surface, because they're both precision made cf plastic 
impregnated cellulose. This series of two-stage filters is 
rated from 450 to 1150 cfm, with exceptionally low initial 
restriction. Mounting straps, rainhoods and outlet adapters 
are available. 

For more information write to Purolator Products, Inc., 
Department 3896, Rahway, New Jersey. 


Filtration For Every Known Fluid 





Company 


PUROLATOR 


PRODUCTS, INC. 





Address 


RAHWAY, NEW JERSEY AND TORONTO, CANADA 








City 
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Look to 


FANNIE 


for leadership in ball bearings 


50 YEARS OF EXPERIENCE 
IN THE MANUFACTURE OF 
BALL BEARINGS 


Circle $-251 


Where cost is your problem... 


Costs can nip good design ideas in the bud. Fafnir 
helps cut costs with Flangette Units. Millions of these 
ball bearing “economy packages” — a Fafnir “‘first”’ 
— are used to improve performance and reduce main- 
tenance on products ranging from small conveyors 
to giant combines. When you’re up against costs... 
or any bearing problem... look to Fafnir. The 
Fafnir Bearing Company, New Britain, Connecticut. 


BARN 


BALL BEARINGS 









ee 





Look to 


FAFNIR 


for leadership in 
ball bearings 


Where dirt 
is your 
problem... 


Dirt is cheap... but not when it gets into bearings. It 
handicaps production...runs up costs... shortens prod- 
uct life. How to keep dirt out? Disc harrow makers do 
it with Fafnir Ball Bearings .. . triple-sealed to “run 
clean” where it’s dirtiest. When you’re up against dirt... 
or any bearing problem... look to Fafnir for the diver- 
sity, the capacity, the research to find your answer. 
The Fafnir Bearing Company, New Britain, Conn. 


EA EINIIRG 


BALL BEARINGS 
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Look to 


FAFNIR 


for leadership in 
ball bearings 


Where 
speed is 
your problem... 


Today’s high speeds put the spotlight on bearings. For when bear- 
ings fail, costs rise . . . and profits drop. Machine tool builders 
know this. That’s why they specify Fafnir Ball Bearings for 
high speed applications — 100,000 rpm and up. So, when you’re 
up against speed ... or any bearing problem .. . look to Fafnir 
for the diversity, the capacity, and the research to find your 
answer. The Fafnir Bearing Company, New Britain, Connecticut. 


RAVAN 


BALL BEARINGS 
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Look to 


FAFNIR 


for leadership in 
ball bearings 


Where heat is your problem... 


Some bearings “freeze” under prolonged high heat. When they 
do, performance drops off . . . costs rise .. . and the heat’s 
on you! The answer? Fafnir Ball Bearings engineered for high 
temperature service. For instance, in the X-15 manned rocket, 
they’re used by the hundreds at critical points. So, when you’re 
up against heat... or any bearing problem... look to Fafnir 
for the diversity, the capacity, the research to find your answer. 
The Fafnir Bearing Company, New Britain, Connecticut. 





‘ 


*“*MADE IN 
U.S. A."* 


‘ A 
ep This stamp on : 

a Fafnir Ball 
Bearing means 
finest quality and 
workmanship. . . depend- 
able supply . . . competent 
engineering help .. . and 

responsibility in meeting " 
your bearing needs It’s 
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Rigidity and accuracy built into this Warner & Swasey 2AC chuck- 
ing automatic permit heavy metal removal while holding close 





tolerances. Twenty-one parts made from AISI 4340 and 4615/20 
steels contribute resistance to stress and wear in critical areas. 


Warner & Swasey uses two nickel alloy steels 
to give the 2AC built-in rigidity and accuracy 


Variety of parts made from 4340 and 
4615/20 for long-term resistance to im- 
pact and wear. 

Here’s where the Warner & Swasey 
Company relies on AISI 4340 and 
4615/20 to help maintain the rigidity 
and accuracy for which this 2AC single 
spindle chucking automatic is fast be- 
coming famous. 

Four clutch plates, for example, are 
made of 4340. Through-hardened for 
these parts, this 1.85% nickel steel pro- 
vides dimensional stability in heat- 
treatment and in high-temperature 
operation ... in addition to vital resist- 
ance to shock-loading and torsion. 

Shafts, guide blocks, studs, plungers, 
and clamp strips are just a few of the 
parts in the versatile 2AC made from 
another nickel alloy steel: AISI 4615/20. 
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These components are carburized and 
hardened for wear-resistance to main- 
tain accuracy throughout a long service 
life. And the uniform hard case is backed 
up by a strong, tough core that stands up 
to severe impact and torsional stresses. 

This report is typical of the many com- 
ing in from manufacturers who have 
employed these two General Purpose 
Steels for a variety of machinery com- 
ponents. 

Both these steels are readily available, 
right off the shelf at your local Steel 
Service Center. Together they give you 


a double-barreled way to cut costs and 
still satisfy almost all your alloy steel 
needs. Other nickel alloy steels, possess- 
ing special properties for specialized 
applications, are also widely available. 

Consider nickel alloy steels for gears, 
shafts, bearings, and other machine parts 
you design, order, or use. And for engi- 
neering information to help you select 
the right material for the job you have 
in mind, just write to Inco. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street dike, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES STEEL PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 59 





TO THE ENGINEER 
who wants his “circuit jewelry’ intact 


AE takes great pains in preparing its Class 
E relays for a well-adjusted life in the world 
of automatic control. To make sure that they 
reach you in the same happy state, we’re now 
shipping them in a special protective package 
molded to shape from featherweight poly- 
styrene foam. 


The two sections of the case have identical 
multiform cavities. When put together, they 
form a snug fit for any Class E relay assem- 
bly. The possibility of relay damage in pack- 
ing, in transit or in removal is virtually 
eliminated. To facilitate production, the con- 
tainers can be fed directly to your assembly 


line; relays remain protected and accessible. 


As for Class E relays, you can have them with 
the usual solder terminals, ‘“Taper-Tabs,” 
end-mounted printed circuit terminals, wire- 
wrap, prewired octal plugs, screw terminals 
or other special forms to fit your needs. 

Our circuit engineers will be happy to work 
with you in applying Class E relays to your 
designs. They’ll also be glad to tackle any 
control problems you may have. 

Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. And be sure to ask for 
Circular 1702-E, “Relays for Industry.” 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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6” O.D. 316 STAINLESS TUBING 














CONNECTIONS =—— . 
Only Swagelok has such a complete vari- 

ety of Bulkhead Tube Fittings. Standard : 
Swagelok Bulkhead Tube Fittings include: | "i ae + 























Bulkhead Unions 

Bulkhead Adapters 

Bulkhead Male Connectors 
Bulkhead Swagelok to AN Unions 
Bulkhead Female Connectors —~ ; | 
Bulkhead Reducing Unions a, i" 


Swagelok Bulkhead Fittings are available 

in sizes for 1/16” through 1” O.D. tubing 

and can make leek tight connections on 

a wide variety of tubing materials such ARES - 
as stainiess steel, monel, Nylon, Teflon, a shes 
glass, copper, steel, etc. ee 





Swagelok Bulkhead Fittings, like all 
Swagelok Tube Fittings, are available in 
any machineable metal or plastic to meet 
your particular requirements. 


Remember, whether you require fittings 
for the simplest application or the 
most demanding, whether it is 
unusual tubing material, unu- 

sual fitting material or unusual 

fitting types, Swagelok Tube : 
Fittings solve your problem. t 


G ELK 


aov 


1/a" O.D. STEEL TUBING 


3/16” O.D. COPPER TUBING 


1/4" 0.D. GLASS TUBING 








Maov 


1/2" O.D. NYLON TUBING 








3/4" 0.D. TEFLON* TUBING 


= 


1” 0.D. MONEL TUBING 


*Dupont Trademark 


TUBE FITTINGS SOLVE YOUR PROBLEMS 


CRAWFORD FITTING COMPANY + 884 EAST 140th STREET - CLEVELAND 10, OHIO 
CRAWFORD FITTINGS (CANADA) LTD., NIAGARA FALLS, ONTARIO, CANADA 
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IN RACK 
AND PANEL 
CONNECTORS 


——— Eo 
MAKES 
THE DIFFERENCE! 






































Right here in the socket contact lies the heart of the AMPin-cert Connector line: the AMP cantilever 
spring. Seated in the slot of the socket to meet the pin shaft, it is your key to top connector reliability. 


It provides you with positive wiping action . . . consistently sound electrical contact... firm pin grip... 


and stable resistance—yet has an extremely low, uniform insertion and withdrawal force. And, regardless 
of the metal plating you choose or the thickness you require, all pins and sockets are provided with an 
underplating of nickel to give long life reliability in all critical applications. 


Add to this cantilever construction, many other plus features including AMP’s industry proven solderless 
crimping technique to help you design and manufacture products of the highest reliability and lowest cost. 


Take your pick: AMPin-cert Connectors in Series D, M and W as well as environmentally sealed or un- 
sealed Series A—all tough enough to soak up heavy punishment while providing the dry circuit sensitivity 


you need for your most critical applications. 


The complete story is available in catalog form. Write today for your copy. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia ¢ Canada « England « France e Holland « Italy « Japan « West Germany 
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WORKHORS 


OZALID'S 
NEW PRINTMASTER 


SOO 





t 
——— ee 


PRINTMASTER 900 
Ht.—70'/2”, Width—8414”, Depth— 
46'/2”. Newest in Ozalid’s family 
of whiteprinters...all designed 
to give you the finest repro- 
duction at the lowest pos- 
sible cost. Whatever your 
need there’s an Ozalid 
whiteprinter to 
meet it. 


Big volume of engineering prints? Put Ozalid’s new Printmaster 900 to work. 

This new, heavy-duty whiteprinter is a workhorse for capacity, a thorough- Mr. James A. Travis, Mgr., Marketing 
bred for quality, a favorite for economy. Ozalid, Dept. 211 Johnson City, New York 
Fast! Top speeds up to 75 feet per minute. Versatile... processes any dry 
diazo material up to 42” wide without sticking. Develops both sides in one 
pass! Unique...new, sleeveless, scratch-proof developing and simplified 
control make it top performer in its price class. Name 
Here, in truth, is a new concept in whiteprinting. New ideas, new designs 

from the leader in the industry that spell new efficiency, reliability, economy Firm 
in engineering reproduction. 

The coupon will bring you the facts on Ozalid’s new “900”. Facts that Addrese... 


may save you thousands yearly. Mail it today. OZALI D® 


Division of General Aniline & Film Corporation, Johnson City, New York 
REMEMBER, FOR PEAK EFFICIENCY, ALL OZALID WHITEPRINTERS WORK BEST WITH OZALID SENSITIZED MATERIALS 


Please send information on New Printmaster 900. 
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CONE-DRIVE 


GEARMOTORS 
for 
"PLUG-IN" POWER 


—_— 








Rae at 


Hollow-Shaft Speed Reducer-Motor forms 


complete power transmission package . . . 

With the compact, right-angle Cone-Drive a d mended 
gearmotor the machine designer can make use 
of an integral drive package of nearly any 
required speed and horsepower. Twenty-seven 
standard output speeds from 7.3 to 525 RPM 
(with 1750 RPM motor) are available in 
models from 4 to 40 horsepower. Gearmotors 
can be specified with hollow shaft for mount- 
ing in any position, ready to “‘plug-in’”. You 
can use this integrated power package to 
provide a simple, clean installation on your 
machine . . . no pulleys, belts, sheaves, bed 
plates, couplings, etc. 


Electric motors are standard “D”’’ flange 
type with slight shaft modification for driving 
helical primary reduction gears. Secondary 
reduction stage is a standard Cone-Drive 
double-enveloping worm gearset with maxi- 
mum tooth engagement for greater load carry- 
ing capacity in smaller space. 








Cone-Drive gearmotors are available for all 
AGMA service ratings. Call your Cone-Drive 
representative today or write for catalog #58 
for complete specifications. 


CONE-DRIVE GEARS 
DIVISION MICHIGAN TOOL COMPANY 
7171 E. McNichols Road Detroit 12, Michigan Telephone: TWinbrook 1-311! 





WORM GEARSETS GEAR SPEED REDUCERS 


5) Watt DOUBLE REDUCTION W: DOUBLE-ENVELOPING 4 
Oa(() GEAR SPEED REDUCERS RIGHT ANGLE GEARMOTORS 


5 


on hn 
6} DOUBLE-ENVELOPING pep rer WORM 
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CLEARPRINT PAPER CO. 
1482 - 67th St., Emeryville, Calif. 


() Send me Clearprint Fade-Out samples, with prices, for the 
following uses:__ 

: Re Ree 

ee 


Address 


City 
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KHP SERIES SHOWN ACTUAL SIZE 
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1 #3-48NC-2A4 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 


But that's far from all. This is a smai/ relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 


KHP SERIES SPECIFICATIONS 


~ CONTACTS: 
Arrangement: 4 Form C, 2 Form Z. 


Material: %)” dia. Silver standard. Silver cad- 
mium oxide and gold alloy available. 


Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations. 

COIs: 

Resistance: 11,000 ohms max. 

Temperature: Operating Ambient: —45°C. to 
+70°C. 


Power: 0.5 watts min. operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C, 


TIMING VALUES: 

Nominal Voltage @ 25°C. Max. Valves 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 megohms min. 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements. 

MECH. LIFE: In excess of 100 million cycles. 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 

DUST COVER: Standard. 

TERMINALS: Solder lug and taper tab. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@ POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY + PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 








You tell Ingersoll-Rand the liquid to be 


handled, the flow, temperature, pressure requirements and how 


you want to mount the pump — and I-R will furnish you 


with a unit to meet your exact needs. 


In 100 years of pump manufacture, Ingersoll-Rand has solved 


many problems for machinery builders. For an economical solution 


to your liquid moving problems, call for the pump specialist at your 


nearest I-R branch office — or write direct to our New York head- 


quarters. If we can’t meet your requirements from our many 


standard models, we will engineer a unit just for you. 


over a century of pump progress 


Immersion or sidewall 
units to 714 HP for deliveries 
to 425 gpm, heads to 170 ft. 


from the leading manufacturer . « « 


83A9 


Ingersoll -Rand 


11 Broadway, New York 4, N. Y. 


OTHER !|-R PUMPS AVAILABLE 











Self-priming pumps 
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Horizontally split pumps] Cradle Mounted pumps 
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Specify National Acme’s SL2X . . . and eliminate limit switching problems under explosive conditions. Tested and 
certified “explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 
designed for use in the mining, chemical, process industries . . . anywhere explosions cannot be tolerated. Latest of 
National Acme’s dependable SL2 “Machine Life” Limit Switches, the od 

SL2X also offers... a variety of cam arrangements for extreme opera- | Es t a @ ni a i 


= ye 


ting flexibility . . . ample overtravel (67°) and by-pass (90°) . . . light 


operating pressure (12% Ibs. at 14” radius). Get all the details on this new A € Mm e i= Tae’, 13ta STURET, 
standard of limit switching dependability and safety. Call, write or wire. Sales Offices: Newark 2, N.J., Chicage 6, III., Detroit 27, Mich. 
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Quality materials and craftsmanship... 
Bendix-Westinghouse Power Cylinders 


You can count on Bendix-Westinghouse for the best in design, materials, 
and manufacture. Our power cylinder capabilities result from actual 
experience in every imaginable application— medium, heavy-duty, standard, 
and special. Our comprehensive inventory of machined parts for standard 
units, combined with our manufacturing flexibility, means fast delivery to 
meet your needs. In addition to the broad range of standard models, we can 
“‘customize”’ to your requirements with specialized sizes and mounts. Write 
today for complete information on the quality advantages you enjoy with 
Bendix-Westinghouse engineering and manufacturing. 


INDUSTRIAL PRODUCTS 
Bendix-Westinghouse Automotive Air Brake Company, Elyria, Ohio 
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ROTOCHAMBER has neoprene diaphragm, 
delivers from 900 to 5000 pounds force at 
100 psi air pressure. 


ROBOTAIR CHAMBER has optional rubber or 
neoprene diaphragm, delivers from 300 to 
3600 pounds force at 100 psi air pressure. 
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Hefting a Heavyweight 
sci nels pser EwSsS 


Pi ane 





Insert shows “fifth wheel” unit of the Air Force 
Minuteman ICBM Transporter-Erector. Tractor and 
trailer under carriage built by GMC Truck and 
Coach Division. 


Low-friction Saginaw Ball Bearing Screws allow a small electric motor in the “fifth 
wheel” unit to rapidly raise and lower the forward end of this transporter of a 
65,000 pound missile . . . allows the transporter to pass under highway overpasses 
and other low clearance obstacles en-route to underground launching sites. 


Also, Saginaw b/b Screws are used for leveling jacks on the rear sides of the 
carriage unit. The effort required to level the undercarriage is so small the jacks 
are hand-operated. Each of the jacks has a capacity of 65,000 pounds. 


The efficiency of Saginaw Ball Bearing Screws and Splines is being used by 
designers of today’s space, air and ground handling systems. They can lower 
operating costs, reduce maintenance and simplify designs. And they often reduce 
installation costs. Whatever your application problem, call on Saginaw to help solve 
it with Saginaw b/b Screws! Saginaw Steering Gear Division, General Motors 
Corp., Saginaw, Michigan—world’s largest producers of b/b screws and splines. 


WRITE TODAY FOR NEW 1961 ENGINEERING DATA BOOK OR REFER TO SWEET’S DESIGN FILE 


Qacinaw S§.... creav 
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Analyze, Identify Source of Product Noise! 


Bruel & Kjaer AUDIO FREQUENCY SPECTROMETER 
and LEVEL RECORDER 


The spectrogram shown is a 1/3 octave analysis 
of the structure borne noise from a large air 
conditioning unit. The amplitude levels are plotted 
in true RMS values, an essential to accuracy in 
such complex signal analysis. 


The precise characteristic of the B & K 1/3 oc- 
tave filters readily distinguishes those frequencies 
that are the offenders in undesirable noise 
and vibration. 


B & K Model 3312 Spectrum Recorder. 

Consists of Model 2111 Spectrometer 

and 2305 Level Recorder. The B & K Model 3312 Spectrum Recorder is a rapid analysis 
system very well suited to product evaluation. It earmarks pure 
tones, beat notes and other noise or vibration characteristics, 
permitting quick identification and determination of those which 
must be modified or eliminated. 


eae A B & K Model 3312 analyzes complex signal frequencies from 14 
eet ce a c/s to 36,000 c/s and voltages from 5 Micro Volts to 1000 Volts. 


[_] B & K Brochure on Model 3312 
[_] B & K Complete Line Catalog 








«> B & K INSTRUMENTS, Inc. 


Zone Dis insnsninall 3012 W. 106th STREET + CLEVELAND 11, OHIO - CLearwater 1-8430 
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write for Ra M’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 
You may select from four frame 
sizes, sixteen ratings from 1/100 
through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. ; 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of 
R&M’s new bulletin 445-MD 


round body 
with resilient rings 
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round body 
without resilient rings 
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ratings from 1/100 to 1/3 horsepower 
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rigid base mounting 
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resilient base mounting 


ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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iF A MINIATURE oR INSTRUMENT BearinG is NEEDED... 


IS THE SCURTET 


nail 


Retainer Bearing 
Plain 


Retainer Bearing 
Flanged 


Retainer Bearing 
Shielded 


Retainer Bearing 
Flanged & Shielded 


Pin 


RETAINER BEARINGS 


This is one of the most frequently specified 
types for instrument applications. Available 
with newly designed crown retainers. This 
design permits even ball spacing, low torque, 
and most consistent performance. Over 150 
standard types and sizes are listed in our 
Design Manual. 


(Available in a wide selection of 
combinations within the following ranges) 


BORE 0.D. WIDTH 





.0469 .1562 0625 








3125 6250 .1960 

















Full bearing 
(Available plain 
or flanged) 


sizes a> a 


A wafer 
bearing 
compared 
with standard 
equivalent 


EXTENDED INNER RINGS... 
available on all above types 


FULL BEARINGS 

Specified for applications requiring maxi- 
mum radial load capacity. Not suited to low 
torque requirements. Over 2] standard types 
and sizes. 


WIDTH 
0312 
.1562 


BORE 0.0. 
Min. .0250 .1000 
3125 5000 


























UP and WAFER BEARINGS 
Expressly designed for use in synchros, servos, 
small motors, potentiometers, and gear trains. 
Widths are significantly narrower than standard 
to allow more room for rotors and stators. 
Available in 16 types and sizes. 


SIZES: BORE 0.D. WIDTH 





Min. .0550 1875 047 





Max. 1875 4375 -1094 




















QUALITY PERFORMANCE ... 


is in direct relation to quality of production. All 
New Hampshire bearings are made to ABEC-7 
tolerances or better. The result is improved run- 
ning qualities for all users . . . at no extra cost! 
In addition, rigid quality control during manu- 
facture and continuing research enables New 
Hampshire to maintain leadership in our field . . . 
to supply you with the finest bearings for your 
needs at the lowest cost. 


IMMEDIATE DELIVERIES FROM STOCK ... 


(For research & development, prototypes, and re- 
placements) are made from our three regional offices 
as well as the main plant. Bearing specialists are on 
hand to help you plan and specify. Call your nearest 
office collect for fast service. 


NEW HAMPSHIRE BALL BEARINGS, INC. 


51 Cutter Mill Road 566 Northwest Highway 
GREAT NECK, NEW YORK DES PLAINES, ILLINOIS 
HUnter 2-8633 TWX: 1421U VAnderbilt 7-6646 TWX: 1642U 


1540 North Highland Avenue (main plant) 
HOLLYWOOD 28, CALIFORNIA PETERBOROUGH, NEW HAMPSHIRE 
HOllywood 4-0208 TWX: LA 933U WAlnut 4-3311 TWX: 209U 


NEW 
DESIGN MANUAL 


Newly revised and expanded, this 
authoritative publication is a guide 
to designing around, specifying 
and purchasing of miniature and 
instrument ball bearings. Compre- 
hensive general information, cata- 
log data, and engineering bulletins 
are included in the 100-pius pages. 
A personally registered copy is 
available to qualified engineers, 
draftsmen, and purchasing 
departments. 


For your free Design and Purchasing Manual, write or call any 
New Hampshire Office. 


BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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“ SKINNER 2-way Solenoid Valves. 


| aed Coy WAM alte alm eactssciela-we-]o) elicer-1¢lelar 


Here’s how Skinner two-way 
valve design provides long lasting, 
trouble-free operation 


e Underwriters’ Laboratories approved 
e Stainless steel internal parts resist corrosion 


Forged naval brass body 
Famous Skinner V5 solenoid operator 
Well rounded main orifice and pilot seats 


NORMALLY CLOSED TYPE R2 


Types 


A—Transparent view of normally open 2-way R type 


valve with piped pilot exhaust return 


B—Coil C—Sleeve, plunger and spring assembly 


D—Piston assembly with soft synthetic insert 


When you have high-flow control problems 
at standard or high pressures the new Skinner 
two-way R series valves may be the answer. 
These pilot-operated solenoid valves are de- 
signed for use with air, oil, water, inert gases 
and other common media at operating pres- 
sure differentials of 5 up to 1250 PSI. They 
may be used for all types of control appli- 
cations, such as: in high-pressure lifting, 
commercial laundry equipment, machinery, 
machine tooling, spraying, etc. 

Skinner R series two-way valves have 
forged naval brass bodies to provide a dense 
metal structure and use a foolproof stainless 
steel piston with soft synthetic insert to 
open and seal the main orifice. Types are 
available normally open or normally closed, 


in standard and explosion-proof construction. 

To make installation easy for every appli- 
cation, a wide choice of electrical housing 
options is available. These include JIC, AN 
connector, automotive terminals, etc. All 
housings can be rotated 360°. Manual over- 
ride is also offered to permit manual opening 
of normally closed valves, or closing of nor- 
mally open valves, in emergency. 

Skinner R series valves may be used with 
all common voltages and frequencies and 
there are several coil types such as: varnished, 
molded waterproof, tropicalized and high 
temperature for specific applications. 

The R series, illustrated here, is just one 
in a complete range of 2-, 3- and 4-way 
Skinner solenoid valves. 


TWO-WAY R SERIES SPECIFICATIONS 


R2 R2H 
XR2 XR2H 


RPI 
R2H6 XRP1 





Position 


Pipe Size (NPTF 
Dry Seal) 


Orifice Size 
Cv Factor 


Operating Pressure 
Differential (PSI) 
Minimum 


Maximum AC Service 
Maximum DC Service 
Leakage 


Temperature Range 
(Ambient and Media) 


When you specify solenoid valves, specify Skinner. 





Normally closed 
\% "” 


Normally closed 


A” 


-758 


5 
1250 
200 500 
Bubbletight Bubbletight 


Minus 40°F to Minus 40°F to 
plus 180°F plus 180°F 








Normally closed Normally open 
yy” a” 


"" %” 
.758 


5 5 
-_ 150 
1000 150 
Bubbletight Bubbletight 


Minus 40°F to Minus 40°F to 
plus 180°F plus 180°F 





Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. 


‘Yo SKINNER vaLves 


SKINNER ELECTRIC VALVE DIVISION 
SKINNER PRECISION INDUSTRIES, INC. ¢ NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A, 


THE CREST OF QUALITY 
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JOY ENGINEERS CAN DESIGN 
A FAN TO FIT... 


In many cases the primary requirement for cooling 
or ventilating fans is that they fit into whatever 
space remains after the major equipment compo- 
nents have been positioned. Length, width, height, 
weight . . . any one or all may be critical. 

Joy engineers have developed hundreds of fans 
to meet specific dimensional requirements while de- 
livering air at the required pressure and volume. 
Performance may be achieved with centrifugal, 
axial-fiow, or mixed-flow designs, providing either 


fixed duty point or broad operating range perform- 
ance characteristics. Depending upon application 
requirements, basic construction may be either cast 
or sheet metal type fabrication. 

Whenever you have an air moving problem, con- 
sult your Joy representative. Most requirements can 
be met economically from the hundreds of stock 
models available. If a special tan is necessary, Joy 
will provide an efficient, economical design. For full 
details on Joy fans, write for Bulletin 2555-64B. 


AIR MOVING acAamenmneT FOR ALL INDUSTRY J Oo y 


aici 


Single Stage 
Compressors 


Centrifugal 


Multi-Stage Axial Fans and 
Centrifugal 


Joy Manufacturing Company 
Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
(Canada) Limited, Galt, Ontario 


P| © 


Compressors Blowers 
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NAT’S 
quick facts 

about 
Fasteners... 


AMERICAN NATIONAL 
THREAD FORM 


———_———-@™— _ DIRECTION OF LOAD ON THREAD 


Can any fastener 


actually become tighter in service? 


WELL, HARDLY. NOT JUST ANY FASTENER... 


Fed 


But self-locking, extra-strength LOK- 
THRED® bolts, studs and screws do, and 
even after long service you can expect 
their breakaway removal torque to aver- 
age about 70% higher than at installation. 

Here’s the reason. Just take a look at 
the LOK-THRED profile. Notice the 
extra-wide root? And its converging 
angle? It’s held, strictly by design, to 
exactly 6 degrees. 

Now, see what happens, as you drive 
any LOK-THRED fastener. It re-forms 
the metal of the receiving thread, squeez- 
ing out every void, and forming an inti- 
mate metal-to-metal contact. And each 
of the angled roots becomes a 6-degree 
tapered wedge, with the loading con- 
stantly pulling against it to make its 
anchorage even firmer. 


That’s why LOK-THRED fasteners 
actually do become tighter in service. 
They’re self-sealing, too... fluids can’t 
leak past them. And yet they’re fully re- 
usable... require no selective fits...can 
be used with ordinary tools. 

Take our word for it, there are plenty 
of reasons* why LOK-THRED is supe- 
rior for many kinds of fastening... and 
we'll be glad to help you develop any 
applications to your own products. 


*They’re all given in 
National’s LOK- 
THRED booklet, with 
plenty of supporting 
data. Write for your 


copy. 


LOK THRED 


‘ia | at CONG ia The National Screw & Mfg. Company ° Cleveland 4, Ohio 


/ 


California Division, The National Screw & Mfg. Company 
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3423 South Garfield Avenue, Los Angeles 22, California 


MaAcHINE DEsIGN 





higher temperature resistance... 


Victor sealing development news 


New Aluminum Precote Process 
Insures Positive Gasket Performance 


Exclusive Victor Aluminum Precote speeds heat transfer . . . provides 


compensates for irregularities of 


mating surfaces . . . eliminates need of supplementary gasket cement 


This newly developed Aluminum 
Precote provides simplified gasket 
installation and insures positive per- 
formance on high-temperature en- 
gine applications. 


Deficiencies in earlier gaskets of 
this type have been completely elim- 
inated by a new and thoroughly 
tested aluminum pigmented organic 
coating, and by refinement of the 
application method. 


New Advantages 

e The new processing method per- 
mits application of coating to fin- 
ished gaskets, ready for shipment 
when coated, thus eliminating pos- 
sible handling damage. 





Available Gasket 
Types and Uses 














ie: oo 5 LJ 


Improved Aluminum Precote 
is performing successfully 
on beaded steel, metal-and- 
asbestos, metal core, and other 
gaskets suitable for engine 
head, manifold, transmission, 
and similar high-temperature, 
heavy-duty installations. 
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e@ Improved coating formula and 
new application method permit a 
heavier and completely uniform film 
on both gasket faces, in controlled 
thickness from .00075 to .0015 in. 


e Controlled baking of coated gas- 
kets at 400 deg. F. gives notably 
increased resistance to high working 
temperatures. Precote adhesion to 
gasket surfaces is improved. 


e@ Resistance to gasket corrosion on 
contact with antifreeze and coolants 
is greater—with reduced possibility 
of blow-by between combustion 
chamber openings of gaskets. 


e The new, higher-heat-converted 
Aluminum Precote remains soft 
enough to permit conformance of 
gasket to mating surface irregulari- 
ties of engine head, block, flange 
faces, etc. At the same time new 
Aluminum Precote has improved 
properties for easy removal of 
gaskets. 


For your test purposes Victor will 
apply—at no 
charge—this 
new Aluminum 
Precote to two 
or more pieces 
on any Victor 
head gasket 
you are currently using. This serv- 


SAMPLES 
FREE... 
ON YOUR 
OWN 
GASKETS 


ice—or your inquiry for complete 
technical data and prices—involves 
no obligation. Handle through your 
Victor Field Engineer or direct with 
the factory. See address below. 


New and Improved Facilities 
Allow High-Capacity Production 
Three stories tall, and based on auto- 
mated conveyor system operation, 
this Victor installation chemically 
prepares incoming gaskets, applies 
and bakes-on Aluminum Precote in 


one continuous pass. This exclusive 
system improves the product and 
gives Victor much-enlarged produc- 
tion capacity. 


Victor Mfg. & Gasket Co., P. O. 
Box 1333, Chicago 90, Ill. Canadian 
Plant: St. Thomas, Ontario. 


WI CI @O WH GASKETS 


World's leader in gasket design and development 
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* DIAMOND roller chains 


specified for P. |. Steel's 
“JETWAYS” 


P. I. Steel Corporation, Division of Stan- 
ray, specified DiaMoND Roller Chain for 
three drive mechanisms in their new “JET- 
WAY” telescopic loading bridges, shown 
above in use at United’s San Francisco 
facility. 

P. I. Steel, like most leading manufac- 
turers of chain-driven equipment, selected 
D1Iamonp for its proven strength, dependa- 
bility and long, trouble-free service. 

To solve problems of load, shock and fa- 
tigue; to insure reliable, low-cost power 
transfer . . . specify DIAMOND whenever 
you use roller chain. 

Write for the new D1amonp Roller Chain 
and Sprocket Catalog No. 760. Engineer- 
ing service is available from the factory or 
through Distributors in all principal cities. 


DIAMOND CHAIN COMPANY, INC. 
A Subsidiary of American Steel Foundries 
Dept. No. 435 « 402 Kentucky Avenue 
Indianapolis 7, Indiana 


Look under “Chains” or “Chains, Roller” in the Yellow 
Pages for your nearest DIAMOND Distributor 


elevated 


DIAMON 
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“JETWAY” mechanical drive unit 
consists of a telescoping column 
supported by two independent, 
motor-driven wheels. Three elec- 
tric motors with DIAMOND rol- 
ler chain drives are employed 

in each unit. 


Two DIAMOND double-strand 

roller chains transmit power to 
wheels (one shown below with 
tire removed) and one transmits 
power to the raising and lowering 
mechanism. Wheels are propelled 
dc pendently for steering purposes. 
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How Aeroquip Prototype Plumbing 
Service Reduces Your Design Costs 


Aeroquip's Fluid Piping Service offers major equipment 
manufacturers many time-saving and money-saving ad- 
vantages at the prototype stage. Applying unmatched 
fluid piping experience, highly skilled Aeroquip specialists é‘oxaies 
can assist your engineers in checking flow and pressure PROTOTVRE 
characteristics, installation, routing, and support clamping "a eeanaen Saliieend 
on fluid piping. Expert recommendations can help eliminate * SERVICE PARTS 
potential problems which might arise later, requiring 
costly modification. ‘ Aeroquip fluid piping special- 
Backed by the most complete line of fluid piping _ ists can work with you in every 
products, Aeroquip’s experienced engineering team can Phase of manufacture to as- 
also provide assistance in design, production, service  3)7jm™ ction omega 
2 . al ‘uid piping systems on your 
parts and after-sales service in the field. This unique products. 
start-to-finish fluid piping service helps assure maximum 
performance, long life, greater owner satisfaction and 
reduced field service complaints. 
For complete details, call your neorby Aeroquip sales 
engineer, or write to us. 


Aeroquip now produces a wide range 

ad of fluid piping products, including 

hose assemblies with standard or spe- 

cial tube configuration fittings, Self- 

a Sealing Couplings and a new line of 


tube fittings. 
AEROQUIP CORPORATION, JACKSON, MICHIGAN 


INDUSTRIAL DIVISION, VAN WERT, OHIO « WESTERN DIVISION, BURBANK, CALIFORNIA 
AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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Outstanding Performance... 


CINCINNATI 


CUSTOM GEARS AND GEAR BOXES 
are outstanding performers — the 
result of old-fashion craftsmanship 
applied to latest techniques and ma- 
chines for gear making and inspection. 





Ask for this brochure—CINCINNATI cus- 
tom gears are made in all types to 72” 
diameter cut teeth, 39” shaved teeth, 25” 
ground teeth. 


better still ...Send us your prints for quotation 


THE CINCINNATI GEAR CO. 
Cincinnati 27, Ohio 
Custom Gear Makers Since 1907 GEARS, good gears only 
® 
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The new LICON line ... precision switches for every need 


In the new, broadened Licon line you'll find every switch designed to meet modern high capacity, long 
life requirements. These are switches built to do today’s tough jobs. Typical is the re Type 16— 
heart of many Licon switch assemblies—tiny in size but rugged enough to handle big 


switch loads with unbelievable life. Check the unusual “specs” of the Type 16, and all 
Licon types, against your switch needs—see and compare Licon life against any switch 
—we’re sure you'll specify Licon. Send for catalog on new broad thicon /ine 


— Gives handy dimensional data and engineering specifications you'll want to keep for ready reference. 





>» - Type 30 Enclosed Limit Switches 


H—Hermetically sealed Switches ’ wat } ; ti 


Type 14 Heavy-duty Switch ' : 30 p a live p Pp 
@ Type 10 Long-life Basic Switch ° ! 14 | f 


Type 22 Double-pole, Double-throw Switches 10 


P—Panel ted Switch 





aes Type 11 Snap-action Switches 


Type 16 Subminiature Switches Ts. I> > ale | (> bl. ate. al. 
3 . 6 ) J : , \ 
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Available through your local Licon distributor. 
DIVISION OF ILLINOIS TOOL WORKS 
6606 W. Dakin Street, Chicago 34, lilinois 





Designers think of R/M first for ashestos, rubber, 


Poly-V ‘‘J’’ Light Duty Drive Gives You 
Design Advantages Never Before Possible 


Most Revolutionary Drive for Small Sheaves, Short Centers, Compact Units 


R/M POLY-V® “J” DRIVE is industry’s newest and most revo- 
lutionary light-duty drive for small diameter sheaves, short cen- 
ters and compact units. It utilizes a single parallel V-ribbed belt 
running on space-saving sheaves grooved to mate precisely with 
the belt ribs. Design advantages of Poly-V “J’’ add up to more 
dependable power in less drive space wherever balance and 
highly efficient, silent, vibration-free drive performance 
are required. 


Advantages 
@ Designed especially for small sheaves; considerably be- 
low V-belt range 


@ Silent, vibrationless, cool operation; homogeneous trac- 
tion surface is spliceless, lapless 


@ No belt matching; a single belt cross section meets every 
need from 1/40 to 15 HP 


Delivers much more load in less space; permits more 
compact drive with smaller mounting clearances 


Exceptional flexibility; operates easily with midget 
motors 


ideal for tandem, mule, % turn or serpentine drives; with 
reverse bend idlers and for speeds up to 10,000 f.p.m. 


Minimum drive wear; assures longer belt and sheave life 


Absorbs shock; overload slip protection against machine 
damage 


@ Complete contact pressure; maintains groove shape 


@ Heat and Oil Resistant 


Poly-V “J” has been proved for smooth, silent power service on 
a wide range of small machinery—home workshop, machine 
tools, wash machines, lawn mowers, household appliances, and 
for many types of industrial, commercial and scientific machines. 

For medium and heavy duty drives, R/M Poly-V* is available 
in the larger “L” and “‘M” Sections. These 3 Poly-V Belts 
(J, L and M) will replace 8 V-belt size sections and cover a 
power range from 1/40 to 1700 HP. Wherever your design 
problems involve power transmission drives, V-belts, flat belts 
. .. rely on R/M products and engineering. 


Write today for free booklet shown: full details on a wide variety 
of industrial rubber products. Manhattan Rubber Division, 
Raybestos-Manhattan, Inc., Passaic, N.J. Poly-V “J” on Parker Majestic Grinder as standard equipment 


84 Circle 453 on Page 19A MacuHineE DEsIGN 





sintered metal, and engineered plastic products 


TEFLON HEADQUARTERS U.S.A. 


SHEETS « RODS «+ TUBES + TAPES 
HOSE » BONDABLE TEFLON 
MACHINED PARTS « SPECIALTIES 


One call does it all. Ask the man from R/M for anything you 
need in “‘Teflon’”’—standard shapes to finished parts. He can 
satisfy your requirements fast and efficiently. 

By any measurement—research, complete line, experience, 
technical data, capacity, quality control, delivery and reputa- 
tion—R/M should be your first source for “Teflon” products. 

R/M “Teflon” Headquarters has grown to its present stature 
through the outstanding dependability of its own production 
and delivery as well as the performance of its finished products. 

Contact your nearest R/M district office . . . or write for the 
application service that cuts costs without cutting corners. 


* Registered trademark for Du Pont fluorocarbon resins 


PLASTICS a 


For a copy of this booklet, full of information on R/M’s com- 
plete line of “Teflon” products, write Plastic Products Division, 
Raybestos-Manhattan, Inc., Manheim, Pa. 

















R/M CAPABILITY PRODUCES 
REINFORCED TEFLON PACKINGS 


to lower friction, eliminate contaminating 
lubricants, resist corrosion and extrusion 


Now you can get “‘Teflon” packings with the exact mechanical 
properties you require. R/M capability has developed a host of 
reinforced Teflon packings, one or more of which may meet 
your requirements. 

Among these are Vee-Flex® rings, piston cups, gasket mate- 
rials, and specially machined and molded products. Each is 
designed for a specific application—using the advantages of 
Teflon coupled with the advantages of other materials. 

R/M’s broad experience in design, compounding and man- 
ufacturing of mechanical packings and gasket materials is at 
your disposal. Send data on your specific application. 


PACKINGS 


Write for new catalog giving complete information about 
Reinforced Teflon Products and other R/M packing and 
gasket materials. 


RM 110 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. e Bridgeport, Conn. « Manheim, Pa. « Fullerton, Calif. » No. Charleston, S.C. 
Crawfordsville, Ind. e Neenah, Wis. e Peterborough, Ontario, Canada 
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Madison-Kipp zinc and aluminum die castings 


Here is a gas valve housing so intricate no one view 
could do it justice. Notice that the holes which are 
cast in reduce secondary operations. Cast in seats 
must be smooth and flat to prevent any danger of leak- 
age. Dimensions must be held to close tolerances. 

There are three ways to look at a die casting. First, 
the engineering that goes into the design and the 
skilled die making that assures perfect castings. Sec- 
ond, the experience of the die caster that guarantees 


quality parts in quantity. Third, his reliability and re- 
sponsibility backed by years of die casting experience. 

On all three counts—engineering, production, re- 
sponsibility—Madison-Kipp has won the confidence 
of manufacturers who demand the finest. 

We have a 24-page book showing some of the die 
casting problems we have solved, and containing in- 
formation on other Madison-Kipp products. A copy is 
yours for the asking. Write for one. 


MADISON-KIPP CORPORATION 


210 Waubesa Street * Madison 10, Wisconsin, U.S.A. 


Skilled in Die Casting Mechanics ~- Experienced in Lubrication Engineering + Originators of Really High-Speed Air Tools 
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DAYTON POLY-V Drives’ 
pack more power 


in smaller spaces 


Offer engineers greater 
versatility in drive design 


Dayton Poly-V Drives are single units. They run in 
sheaves designed to mate perfectly with belt ribs. This 
provides twice the tractive surface per inch of sheave 
width ... up to 50% more power in 24 the space. Result 
—a more compact, lighter drive . . . less shaft overhang. 


Greater 
horsepower 
capacity 


Full contact design gives belt 
ribs greater gripping action 
in sheave grooves. Belt tension is transferred equally 
and in all directions threugh the belt ribs to the sheave 
groove walls (hydrostatic principle). 


Uniform eoererrereresereeseeeseeresce 
speed 
ratios 


RPS. WERE Se 


Full contact design distributes the load equally over 
the entire contour of the V-ribs. Peak loads cannot 
cause the Poly-V belt to ride lower in the sheave 
grooves. Pitch diameters and speed ratios remain con- 
stant from no load to full load condition. 


ae 


Vibration 





free 


Full contact design guarantees smooth, vibration-free 
operation. Full molded surface has complete contact 
with the sheaves. Poly-V belts have uniform belt thick- 
ness—no slipping . . . no creeping. 


Greater 
flexibility 


Reduced belt thickness means smaller sheave diam- 
eters (as small as 34” with ‘“‘J’’ belts)—less centrifugal 
force. This permits operations at higher belt speeds (up 
to 10,000 FPM for Poly-V ‘“J’’)—ideal for high speed 


motors. 


Simplified drive design 


Only 3 Poly-V cross sections are required: 
“‘J’’—from fractional to 10 HP 
“L”’—for intermediate drives (5 to 50 HP) 
““M”’—for high HP drives (25 HP and up) 


See your Dayton engineer 


Let Dayton’s Engineering Service help you with your 
drive design. Call or write: 


@®Registered trademark of R/M Inc. Manufactured by Dayco Corp. under exclusive license of Raybestos-Manhattan, Inc. 





INDUSTRIAL DEPARTMENT 


Dayton Industrial Products Co. 


©D.C. 1961, 2001 Janice Ave., Melrose Park, Iil. 


March 16,'1961 


Division of Dayco Corporation 
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HOLLOW SHAFT WORM GEAR SPEED REDUCERS 


single and double reduction... torque arm and flange mounted models 


CAST IRON HOUSINGS 
designed for high heat radiation. 
One-piece construction, close- 
grained gray iron for maximum 
strength and rigidity. 


CASE-HARDENED STEEL WORMS 
cut integral with the shaft. Heat 
treated for close-grained tough 
core, carburized and hardened 
before grinding. Meet AGMA 
long-wear specifications. 


TAPERED ROLLER BEARINGS 
for minimum maintenance, long 
bearing life and permanent shaft 
alignment.High radial and thrust 
load capacity. 


HOLLOW SLOW SPEED SHAFTS 
in wide range of standard bore 
sizes and keyways. Mounts on 
shaft of driven machine without 
bushings—two external slots 
facilitate removal with standard 
wheel puller. 


@ 72 Models 
@ .047 to 8.82 H.P. 
@ Ratios 72:1 to 4466:1 


@ Max. Output Torque 
876 to 7678 in. /bs. 


SPECIAL BRONZE WORM GEARS 
Cast to recommended AGMA 
standards. Low coefficients of 
friction and thermal expan- 
sion for cooler, more efficient 
operation. 


POSITIVE OIL SEALS 

keep oil in, dirt out. Shafts 
lapped to micro-finish under 
seals for uniform contact, 
longer seal life. 


AVAILABLE in single reduction 
(Series ST and SF) and double 
reduction (Series STD and SFD) 
—torque arm (“T” models) and 
flange mounted (“F” models) — 
for intermittent or continuous 
service. Hollow shaft slow 
speed assembly of “ST” series 
interchangeable with Winsmith 
“CB” and “CT” Series with foot 
mounted housings. For further 
information on these latter 
units, write Winsmith Engineer- 
ing Department. 


Winsmith Hollow Shaft Speed Reducers cover a broad range of power 
transmission requirements for both single and double reduction drives. 
Their worm gearing provides much higher reduction ratios than are pos- 
sible in comparable size units using other types of gearing. Winsmith 
Hollow Shaft models are designed for all applications where it is ad- 
vantageous to mount the reducer on the shaft of the driven machine. 
They are compact, easy to install and require less space than conven- 
tional units. Their design and construction provide high shock load 
resistance; maximum thermal capacity without induced cooling; 
greater overhung capacity; and a high degree of standardization which 
eliminates excessive special application engineering. 

Write today for complete information or call your nearest Winsmith 
Representative listed in the Yellow Pages. He is a technically trained 
expert who is always ready to help you with any speed reducer problem. 
For both standard and special power transmission applications, you'll 
find it pays to standardize on Winsmith. 


ee. 
ITER 0, 


WINSMITH, INC. 
202 Eaton Street, Springville, (Erie County), New York 


e ¢ ¢ Winsmith Speed Reducers are made by American craftsmen to meet American design and production standards. 
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Flick-Reedy... Winner of ‘‘Plant of the Year’’ Award and ‘‘Silver Anvil'’ Public Relations Award 





Miller Hydraulic Cylinders make impossible applications 

look easy. With Teflon Seals, Case-Hardened Rods (50-54 

Rockwell C), Patented ‘“Shef” Tubing End Seals, and other 

exclusive standard features, these cylinders are practically 

; damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 

Our ultra-modern, new “Plant of the Year” with its hydraulic fluids. Built to exceed J. I. C. Specifications, these 
special facilities and operating economies enable us cylinders are achieving new highs in production and operating 
to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 


“stock” selection of: Packed Model H for 3000-5000 psi and Job-Rated Model J 
Model “‘H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 
Model “J” (Hyd.) Cylinders, 142” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders, 142” through 14” bores. savings. 


Strokes up to 36”, cushioned and non-cushioned. 
Full Details On Request 


Write for literature. 


_— MILLER FLUID POWER 


REMEMBER COLLAR BUTTONS ? | 


Pere 


f 








NOW PARKER HAS ELIMINATED A MORE SERIOUS ANNOYANCE 
... LOST TUBE FITTING FERRULES! 


A simple change in the design of Parker “Intru-lok®,” the 
positive, bite-type Parker fitting for copper, aluminum or plastic 
tubing, has solved an age-old problem. 


Small three- and four-piece tube fittings have long been a pain 
in the neck on applications where it is necessary to remove the nut 
from the fitting. The ferrule(s) fall out and promptly disappear. If 
and when found, they often get put in backwards. Sometimes they 
never get put back at all. Result, in either case: a leaking joint. 


Now Parker has developed a snap-in, captive ferrule for “‘Intru- 
lok.” You can take it out of the nut, “‘on purpose,”’ but you can’t 
drop it out accidentally. 


You get all the leakproof safety of a three-piece fitting with 
positive “‘bite.”” You also get the convenience, the quick, easy 
assembly of a two-piece fitting. The easiest fitting to install has 
been made even easier. Write for new “Intru-lok” dimensions and rs a apa 
biesint Gnidies Three ‘‘detents’’ hold the ‘‘tail’’ of the 
prices y. new ferrule in the nut. Also, the larger 
hole in the nut makes tube bends 
The new nut with captive ferrule is available on all closer to the fitting possible. Note 


‘‘Intru-lok”’ fittings sizes from #2 through #8 (“e" the larger wrench flats on this huskier 
through 2” 0.D.). Shown below actual size: nut, too. 


| 


zs & 
o 


, #4 


Parker FITTINGS AND HOSE 


ARKER DIVISION 
ANNIFIN 17325 Euclid Avenue «+ Cleveland 12, Ohio 


CORPORATION 
PNeumatic AND Hyorautic SYSTEM COMPONENTS 


3278-PH 
EUROPEAN DIVISION +» PARKER-HANNIFIN N.V. « SCHIPHOL+ THE NETHERLANDS 
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Sealed Contact Relays... 


for contamination-free operation 
... positive on-off switching 


CLAREED solves the vexing problem of contact contamination. Its 
sealed, gold-plated contacts operate indefinitely in an in-built ideal 
environment, give positive on-off switching for up to millions of cycles. 
It is a relay you can install and forget. 

This maintenance-free operation makes CLAREED sealed contact 
relays ideal components for such critical applications as transistor 
drives, computers, data processing equipment and many other high- 
speed devices. 

CLAREED design is simplicity itself—a pair of magnetically operated 
contacts, hermetically sealed in an atmosphere of inert gas within a 
glass capsule. Compact size permits almost unheard-of flexibility of 


assembly and application. 


Typical space-saving 


Clareed Relay Assemblies 


This cylindrical can contains one, two or 
three CLAREED switch capsules which form 
the core of a common coil. Numerous 
variations of this design are possible to 
meet customer requirements. 


CLAREED relay consists of 12 switch cap- 
sules enclosed in a rectangular container 
and mounted on printed circuit board. 
Varied coils and contact arrangements 
available. 


Here is a CLAREED relay module for printed 
circuits. Quick, convenient mounting on 
your own prototypes or assembly line. High 
component density. Sturdy steel cover 
provides magnetic shielding. 
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If you use relays, it will pay you to know all about CLAREED relays 


an entirely new c 


oncept in relay design. | 


To obtain Bulletin 


CPC 10, “address: C. P. Clare & Co., 3101 Pratt Blvd., Chicago 


45, Illinois. In Canada: C. P. Clare Canada Limited, 840 Cale 
donia Road, Toronto 19, Ontario. Cable Address: CLARELAY 


TRU-LAY PUSA-R\\. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- 
lems. They provide positive remote control over long 
or short distances—up to 150 feet from the control 
point. Because they operate while flexing, they can 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 Ibs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, SIMPLE 
on the other hand, are complex. Unlike PUSH-PULL CON- TRU-LAY 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty e For use where 
a: : ed duty prevails, but where 
Minimum Maximum Input ee 

operation must be smooth and 
Recommended Load in Pounds pe tev nf Meets all require- 
Control Radius (Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty ¢ Gives smooth, 

accurate and dependable per- 

formance at low cost. Available 

30 with your choice of several types 
of knobs. 


65-125 Selective Friction ¢ Amount of 
friction can be changed to meet 
115-175 individual requirements of the 
operator or application. Friction 
300-600 constant at any setting. 


Position Lock « A slight turn of 
700-1,000 the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 





























Micro Control e Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 








PUSHR\\. DATA FILE shows how 


* . e e 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


-PUSH-PULL CONTROLS “°° 


Automotive and Aircraft Division * American Chain & Cable Company, Inc. 
601-A Stephenson Blidg., Detroit 2 
6800-A East Acco Street, Los Angeles 22 * 929-A Connecticut Ave., Bridgeport 2, Conn. 
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KEYSTONE WIRE... 


long life 
‘backbone’ 
for 
gasoline 
hose... 


Electric Hose & Rubber Co., Wil- 

mington, Delaware, world’s largest hose 

manufacturer, reinforces their Delmar gasoline 

pump hose with Keystone Drawn Galvanized MB Spring Wire 

to prevent kinking and collapse and to resist corrosion. This 

high quality wire and rayon cord are circularly woven around 

an inner hose lining... automatic horizontal woven hose 

machines do the job. The outside cover is extruded over the 
carcass and the final product vulcanized. 

Keystone Drawn Galvanized MB Wire with its close diam- 
eter tolerance, uniform temper throughout the coil and special 
zinc coating has been developed to work perfectly in the highly 
automated machines of Electric Hose & Rubber Co. Regular 
galvanized wire just won’t work. 

Just as Keystone Wire Specialists successfully produced 
this high carbon quality wire that has proved so satisfactory 
for Electric Hose & Rubber Co., they would like the challenge 
of developing a wire to improve upon your present wire prod- 
uct. See your Keystone Representative soon; he will be pleased 
to discuss your wire problems. 





Keystone Steel & Wire Company, Peoria, Illinois 


KEYS TON E 


WIRE FOR INDUSTRY 


MANUFACTURED AT PEORIA, ILLINOIS, U.S.A. 





how to build a house in a day... 








] Floor panels are locked to joists laid 
on permafrost ground. 


2 Doorway is first wall panel to go up. It 
locks to floor. 


3 Walls and partitions lock to floor and 
to each other. 


4 Roof panels go on last. This takes 
about three hours. 


5 Complete in 7 hours! Floor, walls, roof 
panels—It’s all done with Simmons 
Dual-Lock fasteners. 

Standard Dual-Lock withstands 2500-lb. 

tension; may be modified for high-load 

applications to 4500 lbs. 


a» This house is put up in a day —and can be taken down in half a day! 
s Key to quick assembly-disassembly is the Simmons Dual-Lock. 

Dual-Lock is a high-load, positive-locking structural fastener perfectly adapted to 
panel fastening of demountable shelters, shipping containers, covers, cowlings... 
and to all butt-joint fastening jobs. It can be recess-mounted as in the application 
pictured, or surface-mounted on sheets or panels. Locks with heavy closing pressure, 
with very light pressure required on the key. 

Arctic Units, Ltd., Toronto, Canada, is putting up 90 “Eskimo Houses” on the 
DEW Line. Panels, including roof, are plywood-covered styrofoam designed for 
insulation against Arctic cold. 

WRITE FOR CATALOG 760. Complete details of Dual-Lock and other dependable 
quick-operating Simmons Fasteners with unlimited money-saving applications. 
= Samples and engineering service available upon request. 


SININONS FASTENER CORPORATION 


1756 North Broadway, Albany 1, New York 


LINK-LOCK * HINGE-LOCK *« HOOK-LOCK * SPRING-LOCK * CAM-BOLT *« DUAL-LOCK * QUICK-LOCK* ROTO-LOCK 
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4-way single or double pilot-operated types, for sub-base or manifold mounting. 
Alumi and stainl steel components assure multi-million cycle dependability. 
Interchangeable pilots, with coils guaranteed against burn-out for life of valve, fit 
any plug-in Speed King. Coils for AC or DC, most voltages . . . 35— 200 psi range 

. integral junction box . . . optional manual over-ride, sub-base connected 
external pilot supply . . . % in. separate exhaust ports, % or % in. inlet and 





cylinder ports. 


Based on the service-proved design principle of Speed King 
% in. plug-ins, Valvair’s 4-34 in. plug-in valve series provides 


VA LVAI be ® plug-in convenience and versafility to a wider range of control 
valve applications. 


a ‘ . . i P 

1 J: i n N PT Electrical and pneumatic circuits are completed automatically 
7 . when valve and pilot are plugged in... bolted down. The 
result—cost-cutting reduction of original installation and main- 


f LU G | N tenance time. All power connections are made permanently 
in sub-base or manifold... there’s no need to disturb piping 


VA LVES or wiring for quick in-service maintenance. 


What’s more, advanced design shortens stroke... speeds 
response. Separate coded (4-wire) circuits on double solenoid 
models meet JIC requirements. Flow area through valve and 
sub-base equals or exceeds that of full 4 in. pipe. 


Whether your control valve applications are on the drawing 
board or now in service, it’ll pay you to investigate the advan- 
tages of Valvair plug-in design. A call to your nearby Bellows- 
Valvair field office will bring prompt application engineering 
recommendations. 


For more information, write for 
Bulletins SPL and DPL. Address Bellows- 
Valvair, Akron 9, Ohio, Dept. MD-361. 


Bellows -\/alvair 


AKRON 9, OHIO 
8170 DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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Lamb Electric's “Clean Room’insures 
fractional horsepower motor perfection 


For assembly of small precision gear motors, Lamb® Electric 
has installed an air-conditioned, dust-free ‘““Clean Room”. 
This innovation, primarily for the assembly of these custom- 
built motors, is essential for eliminating even particles of dust. 


The “Clean Room”’ is typical of progressive Lamb thinking 
that insures perfection in fractional horsepower motor design 
and manufacture. 

Do you have a special motor problem? ... Here’s what you 
can expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘‘Motor Conference”’. 
THE LAMB ELECTRIC COMPANY : Kent, Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 


Lamb Clocthic MOTORS 


FRACTIONAL HORSEPOWER 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS *« UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP. 
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Gasket engineering 


THE PROPER USE 
OF SPECIFICATIONS 


Specification testing is useful as a method of quality control. But specifications alone 
do not form a sound basis for gasket selection or predicting gasket performance, since 


performance is determined by the interaction of many factors. 


A resilient gasket material that meets 
all pertinent government and industry 
specifications may still fail to provide 
a satisfactory seal in actual service. 
At the same time, a material that falls 
short of one particular specification 
may well be the most suitable for a 
certain application. 

The reason for this is that gasket 
performance is determined by many 
factors—such as flange pressure, con- 
tained fluid, qualities of the material— 
in infinite combinations. It is impos- 
sible to set up tests which will take all 
the combinations of these factors into 
consideration. 

As a result, specifications frequently 
do not give a realistic idea of the gas- 
ket’s performance. For instance, many 
gasket specifications have rigid tensile 
strength requirements. Tensile strength 
is easily measured. Yet it usually has 
little bearing on the sealing ability of 
a material. For all practical purposes 
a gasket needs only sufficient tensile 
strength to hold its shape until it goes 
to work in the flange. 


This Armstrong-developed instrument—called 
a dilatometer—is used to study dimensional 
changes in gasket materials caused by dif- 
ferent conditions of temperature and hu- 
midity. It can detect variations as small as 
half a mil in a 12” sheet. 
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EDISON POWERS 


Armstrong Research and Development Center 





This device is used by many laboratories to 
help standardize gasket testing. Developed 
by Armstrong and recognized by the National 
Bureau of Standards, it is used to measure 
indentation and recovery characteristics of 
resilient gasketing materials. 


Tests for resistance to liquids are 
also unrealistic where uncompressed 
strips of gasket materials are com- 
pletely immersed in various fluids. 
Test results may show intolerable 
changes in such factors as volume, 
compressibility, recovery, and elonga- 
tion. In practice, however, only the 
edge of the gasket is exposed, and the 
effect of the fluid may be negligible. 

Other tests—ream weight and burst- 
ing strength, for example—have been 
taken from the paper industry. Again 
they are of little help tc gasket users 
in selecting materials. 


Compounding the difficulties of 
selection by specification is the lack of 
standardization in test procedures and 
instruments. In the matter of com- 
pressibility alone, there are the vari- 
ables of sample size and type of pres- 
sure foot, and the method and speed 
of load application. 

Another difficulty with the practice 
of buying gaskets by specification is 
the fact that it may delay the discovery 
and use of new materials that will do 
the job better. Unless specifications are 
frequently reviewed, they are likely to 
be outdated. 

Gasketing efficiency can be improved 
by asking the question, “Will it do the 
job better?”, when you select a mate- 
rial rather than, “Does it meet our 
specifications?” Once you have selected 
the proper material, you can establish 
new specifications and then put spec- 
ification testing to its proper use—as a 
means of quality control to make sure 
that each succeeding shipment of gas- 
ket material has the same physical and 
chemical characteristics. 

The Armstrong Gasket Design 
Manual offers a wealth of research 
material on gasket design and selection. 
If you would 
like help in se- 
lecting a gasket 
material or es- 
tablishing new 
specifications or 
a copy of the 
manual, write 
Armstrong Cork Company, Industrial 
Division, 7103 Dean Street, Lancaster, 
Pennsylvania. 


GASKET 
DESIGN 
MANUAL 


(Aymstrong GASKET MATERIALS 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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your product’s 


reputation and sales... 


can go down hill fast 


... Uf nuts keep coming loose 


Suppose you were your own customer, and bought the 
min 0 you make. You'd expect it to stand up to the 
job, whether it was a racing cart, a heavy-duty crawler, 
or a crusher. You’d want it to endure the bumps and 
thumps and constant vibration of rugged use without 
coming unstuck at the bolts. If a nut came loose and 
made you lose time or production, you'd certainly think 
twice about buying that product again. 

This is precisely why so many of America’s leading 
manufacturers have guaranteed the reliability of criti- 
cal bolted connections on their products with Elastic 
Stop® nuts. 

They know that a product’s reputation for depend- 
ability is built in the field and they know that reorders 
are written in customers’ maintenance records. They’ve 
verified through field experience that in the long run 


Elastic Stop nuts pay their own way because the exclu- 
sive nylon locking inserts keep them from workin, 
loose . . . even woe he the most punishing conditions o 
shock, impact or vibration! Elastic Stop nuts are the 
equivalent of “free” insurance against fastener failure 
for their product! 

Whether your product sells for three dollars or for 
thousands, we think you'll be interested in a of 
the hex nut catalog No. 706. It details the regular, thin, 
heavy and light hex types in USS and SAE thread 
series and various materials and finishes; plus many di- 
mensional “specials”. 

ESNA’s complete line may change many of your 
“special” requirements into standard parts. Write Dept. 

$52-34, Elastic Stop Nut Corporation of America, 
2330 Vauxhall Road, Union, New Jersey. 


for the ring 0 of relrability 
ELASTIC STOP NUT CORPORATION OF AMERICA 
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The Vickers Magneclutch sets new performance 
standards for delicate torque control 


Hair’s-breadth accuracy of tension control often 
determines manufacturing success or failure. As gossamer 
yarns and ultra-thin paper and foil spin about on 
high-speed winding reels or bobbins, variations in tension 
can easily result in breakage, snarling, out of 

registry, costly down-time. 

The Vickers Magneclutch meets this need with precise, 
delicate tension control—yet possesses a ruggedness that 
keeps it on the job under the most demanding conditions. 
Pinpoint control is maintained through the entire torque 
transmission range, from zero to full speed. Starts and 


stops, acceleration and deceleration are smooth, without 

grab or chatter. Available from 11 oz.-in. to 600 lb.-ft. 
For complete story, contact the Vickers field engineer 

in your area, or write for Bulletin Series 6000. «ra eo00-e 


VICKERS INCORPORATED 


Division of Sperry Rand Corporation 
ELECTRIC PRODUCTS DIVISION 


1881 LOCUST STREET « SAINT LOUIS 3, MISSOURI! 
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SPECIFYING PARTS FABRICATED FROM 
INDUSTRIAL LAMINATED PLASTICS? 


Taylor Fibre Co. belongs in your specifications 


These are just a few of the many parts regu- 
larly fabricated by Taylor Fibre Co. 


Notice they range from tiny, simple parts to 
large complex ones. No job is too small or 
too large for us to handle economically. 








The fabrication of accurate parts from laminated plas- 
tics and vulcanized fibre requires the right combination 
of experience, materials, skilled manpower, and equip- 
ment to do the job economically—no matter how complex 
or simple the part may be. We have this combination: 
Taylor Fibre Co. is a basic materials manufacturer . . . 
produces both laminated plastics and vulcanized fibre 
in its own plants . . . offers more than 50 different grades 
of laminated plastics and a number of different grades 
of vulcanized fibre to fit almost all requirements . . . has 
been fabricating parts from these materials for many 
years. Taylor Fibre Co. has the equipment. Its Fabri- 
cating Division is completely equipped with all machine 
tools required to produce accurately finished parts to 
your specifications, even maintains a modern precision 
toolroom to turn out the dies, jigs and fixtures required, 
and special tools and machines if necessary. Taylor 
Fibre Co. has the manpower. Toolroom personnel and 
machine operators are all familiar with the problems 
involved in the fabrication of laminated plastic parts. 
And two plants—one in Norristown, Pa., the other in 
La Verne, Calif.—assure good delivery wherever you 
may be located. 

What does this mean to you as a buyer? Simply this. 
You can reduce inventory investment in raw materials, 
eliminate production headaches within your own plant, 
get the advantages of uniform quality control and quan- 
tity production, even if you have a number of assembly 
plants, and also lower unit costs. 

Our ‘‘why”’ booklet tells the full story of the experience 
... the manpower... and the equipment at Taylor Fibre 
Co. to fabricate to specifications, in quantities required, 
in time desired—economically. Write for your copy today. 
Taylor Fibre Co., Norristown 47, Pa. 


~ Taylor 


LAMINATED PLASTICS 
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600 SERIES 


THE FORGEABLE BEARING ALLOYS THAT 
STAND UP ON THE REALLY TOUGH JOBS! 








600 ALLOY NOSE BEARING WITHSTANDS 
THE PUNISHING SHOCK LOADS OF AN 
IMPACT WRENCH 


This heavy-duty impact wrench takes the rigorous 
punishment of hard industrial use right on the nose... 
and right on the 600 Series nose bearing. This bearing was 
especially chosen by the manufacturer because of its ability 
to absorb a range of 1600 to 1800 impacts per minute at a 
torque of from 0 to 250 foot pounds. By specifying 600 bearing 
alloy, the manufacturer gets superior performance from his 
finished product. 


600 ALLOY RATCHET AND DRIVE GEAR BEARING 
TAKES THE TERRIFIC POUNDING OF A 
HIGH POWERED CHAIN SAW 


Professional woodcutters give chain saws a rough time for 
hours on end, all year round, and these rugged saws must be 
built to take punishment. With chain speeds up to 3000 feet 
per minute, the ratchet and drive gear bearings, for example, 
must have a very high strength, hardness and good resistance 
to wear with minimum lubrication. That’s why 600 Series 
Alloy was specified for both parts . . . the ratchet is a forging 
and the bearing was produced from 600 Series rod. 





MUELLER BRASS CO. SPECIALIZES IN ALLOYS FOR DIFFICULT APPLICATIONS 


: The alloys available from the Mueller Brass Co. range from those having high 
For complete engineering data, write kr ee hardness and wear properties, to alloys that must possess excellent electrical 
today for Special Alloys Kit No. 13. ; — conductivity, and ones that must have free-machining properties. Let our 
: engineers help you select the alloy best suited to your exact application. 


ae MUELLER BRASS CO. Port HURON 20, MICHIGAN 
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HOKE REPORTS ON FLUID CONTROL 


r Oke How SIneee 





HOW TO SWITCH PRESSURES IN MID-STREAM 





PRESSURE BY THE 
POUND ...no matter 
how thin you slice it! 


One trouble with doing something 
better is that it’s hard to stop. This 
time, we've come up with a new 
line of pressure regulators. We made 
them for the technically oriented 
who have developed high standards 
and for the penurious purchaser 


who wants something for (almost) ° 


nothing. 


One, tagged as the 
680 Series, is a 
highly stable sin- 
gle stage regulator 
with something for 
just about every- 
one. The core of 
this regulator is its 
control accuracy of 2% at flows to 
2000 SCFH. Two models are avail- 
able. One delivers 0 to 40 psi and the 
other 0 to 140 psi and both can 
handle inlet pressures up to 3000 
psi. Use them on any gas compatible 
with 2024-T4 aluminum alloy, neo- 
prene, polyurethane and Buna-N. 


If what we’ve said sounds good so 
far, but still won’t solve 
your problems, read on. 


We’ve built a regulator 

specially for corrosive 

= gases and atmospheres. 

J _Available in either all 

» &~ monel or all stainless 

steel construction, we 

call it the 640 Series. 

Spec sheets on this can be had by 
marking an “X” below. 


If you “X” the next box, you'll get 
a package of useful information on 
a special regulator that will handle 
delivery pressures up to 4500 psi 
with very high 
control accuracy. 
This is a 2 stage 
spring and dome 
loaded regulator 
and we claim that 
a 50% change in 
inlet pressure will 
not change the delivery pressure 
more than 2%. Operation is sim- 
plicity itself. For no particular 
reason, we call this the 920 Series. 


Skeptics should send for all of this 
information. 
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For reasons now hidden by the veil of 
tradition, no one has ever attempted 
to scrunch a pressure switch to its 
proper proportions—that is, until now. 
With sales getting bigger from mak- 
ing things smaller, we decided that 
this was the path to profit. Ergo; the 
new Hoke Pamar pressure switch. 


This isn’t just a case of arrested de- 
velopment, but something entirely 
new. The scrunching process necessi- 
tated less parts, so conventional con- 
necting linkages were the first to go. 
The direct result: a switch with only 
one moving part—nothing to wear and 
upset the actuation setting. 


The ordinary bellows was out of the 
question, so we used a Ni Span C 
capsular type sensing element. Out of 
this came such things as high repeat- 
ability, minimum hysteresis and drift, 
maximum temperature stability, and 
a dead-band of minor significance. 


The whole assembly measures less 
than 2 inches from tip to terminals, 
and weighs short of one ounce. De- 
spite these diminutive dimensions, it 
is capable of handling working pres- 
sures to 500 psi with a repeatable 
accuracy of +0.5%. Electrically, it 
sports a snap-action switch that will 
conduct a current of up to 7 amps to a 
variety of connectors — AN, cabled 
leads, solder terminals, or whatever 
you want. Interested in pressure 
switches for explosive atmospheres? 
Specify the explosion-proof model. 


A special low pressure switch (0 to 7 
psi) defies competition with a dead 
band of 2” of water! 


If what you’re looking for in a pres- 
sure switch seems impossible to find 
(even with the wonders we've de- 
scribed here), we'd like to hear about 
it. We thrive on doing what others 
shrink from, and will build a switch 
to your specs. Write and tell us your 
problem. 


We could go on, but that wouldn’t 
leave us with the usual advertising 
“hooker”. We want to hear from you. 
In return, we'll send you the rest of 
the story. 








WHAT'S NEW FROM HOKE? 


Lots of things have been happening at Hoke. To be sure you're up to 
date on these developments in fluid control see your nearest distributor. 
He’ll have something new for you every other month this year. 











Hoke’s Performance Guarantee— Every Valve Leak-Tested! 


HOKE INCORPORATED 


91 Piermont Road, Cresskill, N. J. 





Send me complete information on the Hoke products checked below: 


oO How Pressure NAME 


TITLE 





Switches 


(CD 680 Series Regulator COMPANY 





C) 640 Series Regulator 
ADDRESS. 





(C0 920 Series Regulator 


oO “What's New’ ' 
CITY. 


STATE 





SEE OUR CATALOG IN SWEETS PRODUCT DESIGN FILE 
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From the industry's most advanced bar mill... 


REPUBLIC STEEL FOR 
COLD EXTRUSION 


THE COLD EXTRUSION PROCESS virtually eliminates raw material 
waste. Standard equipment is available so that retooling costs are 
not excessive. Bars produced on this 11” mill have denser, more 
uniform structures because they undergo more hot work. A larger 
than usual billet-—3” or 4” square—is rolled to finished products 
of standard sizes. 


Circle 472 on Page 19 


HEAVIER COILS weighing up to 1600 pounds mean fewer fabrica- 
tion changeovers, less scrap loss. High speed coilers handle the 
complete range of bars produced (¥%” to *%”— 700 to 900 
pounds; %” to 1%2”—1400 to 1600 pounds). Each coil undergoes 
ultra-precise inspection to ussure conformance to specifications, 
then is double banded for safe, efficient handling. 


Circle 473 on Page 19 











Annealed, normalized, or spheroidized to your precise specifications 


Atmosphere controlled, continuous annealing 
furnaces give Republic’s new 11” bar mill maxi- 
mum annealing capacity. Steel for cold extrusion 
or cold heading can be furnace-treated, finished, 
and delivered to your precise specifications. The 
mill has facilities to pickle, oil, lime, or phosphate 
coat. 

Depending on the nature of your product, you 
may find it more advantageous to use steel in the 


cold finished form. Either way, our metallurgists 
will help you select and apply the most economical 
bar product—carbon, alloy, or stainless—capable 
of meeting your requirements. 

Republic Steel is the nation’s largest producer of 
steel for cold extrusion. For complete data, con- 
tact your nearest Republic representative or mail 
the coupon below. Please indicate if you would 
like a metallurgist to call. 
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Strong, Modern, Dependable 


REPUBLIC STEEL 


Worlls Widest Rauge 
of Sttiwdlard, Stole and, StL Precio 


coe 


REPUBLIC STEEL CORPORATION 
DEPT.MD-1514 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on: 
0 Steel for cold extrusion 0 Steel for cold heading 
O Steel for cold forging O Have a metallurgist call 


Address. 


NY nS 








HANDY ALLOY DATA SHEET 


HANDY & HARMAN ENGINEERING DEPARTMENT 
82 FULTON STREET, NEW YORK 38, N.Y. 








- 
- 


...How to choose between a soft solder and a brazing alloy 





Handy & Harman provides two alloys that fit between 
“something stronger than the average soft solder but 
not as strong as a silver-brazing alloy.’’ They are named 
TEC and TEC-Z and their flow points are intermediate 
between soft solders and silver-brazing alloys. Joints 
made by these alloys are strong in straight tension or 
shear. For instance, butt joints of cold-worked copper 
can be made having a tensile strength of about 25,000 psi. 
This is approximately 10,000 psi. more than can be ob- 
tained with tin-lead soft solders. TEC joints retain their 
strength at elevated temperatures much better than the 
tin-lead soft solders. As shown in the table below, the 
strength of the solder itself at 425° F is about the same 


as a 50% tin—50% lead solder at room temperature in 
short-time tensile tests. 

Applications —One example is a thermostatic bellows 
where the operating temperature is too high for soft 
solders (tin-lead), yet requires a joining medium which 
will not anneal the bellows. Another use is gun parts 
which require joint strength at higher than soft-solder 
operating temperatures plus corrosion resistance to solu- 
tions used in cleaning and blackening. Also for lamp 
bulb bases operating at approximately 350°-500° F 
Automotive applications and heat exchangers. TEC con- 
forms to Government Specifications Mil-S-19234 (Nord); 
both TEC and TEC-Z are available in sheet, wire, pow- 
der, and preforms to specifications. 


The information and data on this page are available in our Handy Alloy Data Sheet. Ask for “TEC.” Handy & Harman, 
82 Fulton Street, N.Y¥.C. 38. 


Your No.1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
Offices and Plants: Bridgeport, Conn. + Chicago, Ill. * Cleveland, Ohio + Dallas, Texas « Detroit, Mich. * Los Angeles, Calif. » New York, N.Y. 
Providence, R.1.,* Montreal, Canada + Toronto, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES 
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Design tips from Lincoln 


LUBRICANT SIGHT RESERVOIR 


FEED LINES TO BEARINGS 


GEAR MOTOR DRIVE 


= 


le 





Tt BOLT TO MACHINE 


Simple Gear Motor on Ratchet Multi-Luber’ 
makes Automatic Electric Lubrication System 


You can use a simple gear motor to drive Lincoln’s new 
ratchet Multi-Luber to get a simple, low-cost electric 
lubrication system for light machinery of all types. Gear 
motor ratios of 1, 2, or 3 rpm and ratchet Multi-Luber 
ratios of 25:1, 50:1 and 100:1 let you choose the lubrica- 
tion interval best suited for the machine. 

The gear motor can be wired to any 110V/AC circuit 
so that the Multi-Luber provides lubrication whenever 
the machine is running. With standard setting, the 
Multi-Luber discharges 0.0025 ounces of lubricant (grease 
or oil) from each of the 12 outlet ports every time it 
cycles. Output of the first four ports can be doubled. The 
gear motor installs easily . . . you need only a clutch plate 
for the 3¢’’ output shaft and a mounting bracket. 

You can use the gear motor if rotating or reciprocating 
motion is not available to drive the ratchet arm or if 
remote location of the lube unit is desirable to protect 
it during steam or caustic cleaning. 

Multi-Luber units on cottage cheese packaging ma- 
chines are giving these advantages according to the 
manufacturer: protect bearings against water contami- 
nation during steam cleaning, eliminate product con- 


tamination by lubricant, eliminate removal of protective 
side panels to manually lubricate, provide constant film 
lubrication on bearings. They have also extended the 
manufacturer’s field service check from 90 to 120 days. 


Note to Manufacturers: 
Lincoln assists manufacturers in adapting automatic 
lubrication system to machinery... contact Lincoln’s 
Original Equipment Sales Division. 


r LINCOLN ENGINEERING COMPANY 
I Original Equipment Sales Division 
4010 Goodfellow Bivd., Dept. MP-1 
St. Lovis 20, Mo. 
[_] Please send operating data sheet and Catalog 50 on Multi-Luber. 


[-] Have your representative call to advise me on Multi-Luber adap- 
tation to my machines. 
Name _Title__ 








Address__ 





—— ee ee 


| 

| 

| 

| 

| 

| 

| Company 
| 

l 

| 
.. 


we LINCOLN 


ENGINEERING COMPANY 


ST. LOUIS 20,MO. e 
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DIVISION OF THE McNEIL MACHINE & ENGINEERING CO, 
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Unmatched in performance, quiet...the reliable 


NEW IP 3000 INDUSTRIAL 
HYDRAULIC PUMP 


by 
LUCAS-ROTAX 





PUMP DETAIL 


Basic Pump 
Fixed Stroke 
Fluid displacement 


(cub. ins./rev.).......20++--13.89 


Envelope size— 


Nominal working pressure (peak)5000 
Diameter, 11”; Length, 17”. ni (P 


(Ib. per sq. in) (continuous). ..3000 


One of the complete new Nominal speed (peak) 
er oF qunty ay (r.p.m.) (continuous)...... -»- 1800 
draulic pumps and motors = 
by Lucas-Rotax, the Input h.p. at 1,000 r.p.m. and 


IP 3000 offers many tech- ° ‘ 1,000 Ib. per sq. in. differential.. .38 





nical advances and h” = Max. Torque (Ib. /ft.) per 1,000 Ib. 
advantages. ee per sq. in. fluid pressure 
differential........ rrr 
@ Smaller size @ Low cost 

@ Lower weight ®@ High efficiency 


® Variable volume @ Fitted with pressure 
@ Low noise level at higher compensator as : : 
operating speeds standard equipment ane cnibinmmaiieans 4 


+ ° 
For further information, contact the agent or office Operating temperature. . — 40 to 200°F 
nearest you today, or write for technical literature. 


@ product of creative enginecring by 


For further information contact 


U.S. Representative: 

JULIUS KENDALL, 

Kenett Corporation, y ammeee - 
320 Washington Street 

Brookline 47, Mass. 


LOngwood 6-0378 LIMITED, TORONTO 
A member of the Lucos organization 


WITH OFFICES AND SERVICE DEPOTS BOSTON ® NEW YORK @ CHICAGO ® LOS ANGELES @ HOUSTON ® SAN FRANCISCO @ CLEVELAND 
6010 THROUGHOUT NORTH AMERICA JACKSONVILLE @ DENVER @ SEATTLE © BALTIMORE ® TORONTO ® MONTREAL ® VANCOUVER 


Recommended Inlet Pressure 
(p.64.@.)..cccccccecrvcacecvcecGe 
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12 See 


ya - when you count on 


MIRRO — 


Y you can count on 


INGENUITY 





METAL MEN 
OF 
MANITOWOC 


COUNT ON MIRRO for any production line 
requiring aluminum components...appliances, 


housewares, automotive, or Government 


contracts. —_  e 
\ a j i) R 0) 


\ THE FINEST ALUMINUM 


gas Z 

of ’61 Gold Star models, is a case in point. It’s 
a demanding piece to make. Shoulder tolerances 
must be held within .005” level. Each gas 
outlet port must direct flame at a precise angle. 
The smaller series of ports asks the theoretically 
“Smpossible,” by requiring a diameter smaller 
than the gauge of the metal itself. And it must 
function consistently in all temperatures, from a 
dead-cold start to flame-heat. 

MIRRO ingenuity devised the dies and 
draws, noodled out the indexing equipment for 
series punching of outlet ports, and supplies the 
completed piece in volume, meeting the tough 
A.G.A. laboratory standards at a practical price. 

There’s a whole lot back of a job like this. 
Years of aluminum know-how. Highly capable 
engineers and designers. MIRRO’s own rolling 
mill and metallurgical staff. Complete finishing 
facilities. Rigid quality control. And the con- 
stant awareness that pennies saved mean dollars 
earned, on any high-volume contract. 

Count on MIRRO and you can count on ail 
of that, backing any contract job you place 
with us. We’d welcome a chance to estimate 
or advise. 


MIRRO ALUMINUM COMPANY, MANITOWOC, WISCONSIN 


Fifth Avenue Bidg., New York 10 
Merchandise Mart, Chicago 54 
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Let a J-M friction specialist help you solve 
complex “stop and go” problems 


J-M SMALL MOLDED PARTS, 
MANY FEATURING 
UNITIZED CONSTRUCTION, 
ARE CUSTOM - DESIGNED 

TO YOUR EXACT NEEDS 


One sure way to improve perform- 
ance in small brakes and clutches is 
to call on the free advice of a Johns- 
Manville Friction Specialist. He’s 
an expert in the design and con- 
struction of small parts that in- 
crease efficiency in “stop and go” 
actions. He is prepared to discuss 
your specific problems...and, where 
conditions permit, work J-M’s uni- 


i110 


tized construction into your plans. 

At his command is a wide range 
of asbestos-based friction materi- 
als, especially developed for small 
molded parts. These organic compo- 
sitions meet virtually any require- 
ment. If, for example, you need drive 
clutches, torque limit clutches, or 
small brakes — J-M MINI-BLOKS® 
are made of ideally suited materials. 
Precision-molded MINI-BLOKS of- 
fer high friction, light weight, high 
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temperature resistance, and a long 
service life that is free of trouble. 

The advice and help of a Johns- 
Manville Friction Specialist are 
yours for the asking. Just tell him 
the part you need and the character- 
istics you require. He’ll take it from 
there. Write to Johns-Manville, Box 
14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. Offices 
throughout the world. Cable ad- 
dress: Johnmanvil. 
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116 reasons why we can help you put 
your finger on the right plastic faster 


grades of Vulcanized Fibre... 


This will give you an idea of how 


surely National can help you pin- 
point exactly the plastic you want. 
National has the broadest line in 
the industry, including standard 
forms, precision - fabricated parts, 
and a huge stock of many grades 
ready for immediate shipment. For 


* DELRIN IS A DU PONT TRADEMARK FOR THEIR ACETAL RESIN 


© T Penton 1S A HERCULES TRADEMARK FOR THEIR 


fast help, samples, or more informa- 
tion, contact your nearby NVF sales 
office. You'll find the phone number 
in Sweet’s Product Design File 
2b/Na. Or write NVF, Dept. TT, 
Wilmington, Del. It’s a direct line 
to the one best material per dollar 
of design performance. 


HLORINATED POL 


| 12) grades for printed circuits... 


NATIONAL VULCANIZED FIBRE COMPANY 


writ MmMinegton s 9 DELAWARE 


In Canada: NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 


YETHER RESIN 





You get them all — wide ranging versatility . .. maximum 
sensitivity .. . easy installation and servicing! These features 
combine in a Fenwal 536-580 multi-point monitoring system 
to give you precise, transistorized temperature control and 
indication. And you choose the features you need to suit your 
own requirements! 


Examine these cost saving advantages: Indication and con- 

trol circuits are separate . . . the 536-580 system eliminates the 

‘ ‘ need for separate indication and control at each point. You 

a ] M It P t can build a control system concurrent with your needs — 
O ve u 1- o1n start with 2 points and build up to 10 points without paying 

a premium at the outset. The complete control system is built 

from standard catalog parts, thereby eliminating the need to 


Temperature Control buy costly “specials” for servicing at a later date. 


Individual points can have either proportioning or ON/OFF 
control modes. The system permits “flick of switch” indica- 
Prob e ] } } Ms ee tion of from 2 to 10 temperatures. Individual set points can be 
adjusted from a central control panel or through a separate 
potentiometer remotely located. You select your own number 
of points and you pay only for the options you use. 


2 
at 73 cost of Choose from five standard temperature ranges — from 


—50 to 600°F ... expanded scales permit fine temperature 


competitive SYS tems adjustments and improved readability, and the entire system 


gives you sensitivity to within 0.1°F. 


Both instruments are smartly styled to perfectly comple- 
ment modern industrial machines and interiors. A Fenwal 
engineer will be glad to supply information on this system, or 
any other temperature control in Fenwal’s broad line. Write 
Fenwal Incorporated, 193 Pleasant Street, Ashland, Mass. 


Another 
example ot how CONTROLS TEMPERATURE... PRECISELY 
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Cylinder ports side and bottom 
tapped, %, % or % in. NPT; 
through ports tapped both ends 
and bottom, supply—1 in. NPT, 
exhaust and wiring conduit 
ports—1'%4 in. NPT; meets JIC 
Standards. 








to save space... 
to simplify piping and wiring 


ew PDQ MODULAR MANIFOLD BASE 


Now you can save even more space by 
ganging already-compact Hunt % in. PDQ 
valves on modular manifold bases! 


Featuring common supply, exhaust and 
wiring conduit ports, PDQ modular mani- 
fold bases can be ganged end-to-end to 
manifold two or more valves in a single, com- 
pact assembly. Manifolding of valves simpli- 
fies supply and exhaust piping, reduces in- 
stallation costs and minimizes mounting 
space requirements for multiple valve instal- 
lations. Modular design permits adding or 
removing valves at a later date, to meet 
changing requirements. Also, bottom tapping 
permits additional supply, exhaust, or wiring 
connections at any point along the manifold 
assembly, if required. 


For more information, write for Bulletin 602. 
Address Hunt Valve Company, Salem, Ohio, 


Dept. MD-361. 


Electrical connections, valve-to-base, are 
plug-in, to reduce downtime to a minimum. 
What's more, the bayonet-lock construction 
of Hunt’s PDQ valve allows removal and in- 
stallation of valve and pilot assembly in just 
30 seconds, without disturbing piping or 
wiring. 

Whether your problem is limited valve 
mounting space . . . complex piping . . . high 
installation costs . . . or you're just looking 
for better, lower cost, more dependable per- 
formance on new or existing equipment, ask 
your nearby Hunt representative to show you 
the advantages of modular manifold base- 
mounted PDQ valves. 


QUICK-AS-WINK® AIR AND HYDRAULIC 


HUNT VALVE COMPANY ¢ DIVISION OF IBEC « SALEM, OHIO 
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Function Factor formula 
developed to assess 
working quality of 
thread-cutting screws 


Unbiased laboratory tests dem- 
onstrate superior performance 
of Parker-Kalon thread-cutting 
screws in cast iron, steel, alum- 
inum and plastics. 


To compare the actual working quality of thread-cutting 
screws under laboratory conditions, a series of simple 
yet thoroughly dependable tests were made using P-K 
Types “F’’ and ““B-F” and competitive thread-cutting 
screws. These tests can be easily duplicated by any 
engineering department that would like to determine 
their own results. 

The test was based on the premise that (1) the better 
a screw resists failure after being driven home, the 
stronger the assembly, (2) the easier the screw is to 
drive, the less wear there will be on driving tools and 
upon the operator and (3) thread failures either on 
the screw or in the work, gives rise to costly, time- 
consuming salvage operations as well as other intangible 
production costs. 

Thus, a measure of evaluating the performance of 
thread-cutting screws is the ease of driving combined 
with the degree of resistance to fastener failure. The 
relationship between these two functions is referred to 
as “drive-strip ratio.” 


How the tests were conducted 


Random sizes of samples purchased on the open market 
from a variety of sources (including the P-K Types “‘F’”’ 
and “B-F’’) were identified solely by letters. Manu- 
facturer’s names were not revealed to the technicians 
who were responsible for making the investigation. 

As a means of fairly evaluating the performance of 
the screws, they were applied under identical conditions 
in sections of cold rolled steel, cast iron, aluminum 
castings and general purpose plastics. Similarly, hole 
sizes as well as depth of penetration of the screws 
were identical. 


114 


Each screw was driven by a specially designed Detroit 
torque testing machine. 


To limit and control 
depth of penetra- 
tion, washers were 
placed under the 
screw heads. Screws 
were inserted in the 
hole in the part 
(steel, cast iron, 
aluminum, plastic) 
and the part placed 
in the jaws of the 
machine. The screw was driven until it cut a full depth 
thread. The maximum driving torque was recorded at 
this point. 


Failure Point The second phase of the test 
was to determine the amont of torque which could be 
applied to the fastener before (1) the screw failed in 
section or (2) when the screw failed in the engagement 
material. This failure point was then recorded in inch- 
pounds, whereupon a direct comparison of the several 
screws could be made. 


Function Factor In order to assess the 
working qualities oi each screw that was tested, a formula 
was devised that would express these functions. DRIVE 
TORQUE was the average of driving torque values ob- 
tained from individually running a given number of 
screws in the application. STRIP TORQUE was the 
average of a given number of strip torque values ob- 
tained from the ultimate failure of the screws in section 
or of the threads in application. 


The formula is expressed as 
(Strip Torque)? 


Formula ee FUENOF ame Drive Torque 
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P-K® thread-cutting screws average 
108% better working qualities than the 
3 competitive types tested. 


Charts shown are typical samples and represent in each 
case only one of the many tests run on each screw. 
Identification of screws tested was made only upon 
completion of test. 





COLD ROLLED STEEL CAST IRON 


COMPETITIVE SCREWS 
“Ke aye z" 


FUNCTION FACTOR 





—_ 
PK COMPETITIVE SCREWS 
TYPE “FX” van 2 Ff 





ALUMINUM PLASTIC 


PK COMPETITIVE SCREWS PK 
lhl lum; et 7. Ly 


FUNCTION FACTOR 


'UNCTION FACTOR 


g 8 
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Designed to reduce pressure development in the en- 
gaging section by as much as 80%, P-K Types “F” and 
“B-F” thread-cutting screws are manufactured with 
five cutting flutes. The completely formed threads have 
sharper cutting edges and flutes are of continuous depth. 


Lower Drive Torque 


Together these new P-K features make for better clear- 
ance of the accumulated material and assure lower drive 
torque. They also sharply reduce the possibility of 
stripping, galling and other causes of screw failure. 


ees ee ae 
Use Recommendations 


P-K TYPE F The new, improved P-K Type 


F (Patented), is a hardened thread-cutting 
. screw developed for use in granular or brittle 
materials such as ferrous or non-ferrous cast- 
ings and bronze or brass forgings. It may also 
be used advantageously in structural steel and 
K 


sheet metals when it reduces driving torque 
and resists shear and tension loads and in 
impregnated plywoods where it grips with 
rugged strength. The pilot with its five tap- 
ping flutes cuts a machine thread as the screw 
is turned in—does the job with complete 
dependability —stays tight and secure. 


P- 
TYPE “F” 


P-K TYPE B-F For plastics, P-K recom- 

mends the new improved ‘‘Pentap’”’, Type 

B-F (Patented). This exceptionally efficient 
thread-cutting screw combines the five thread- 

cutting flutes of the P-K Type F with the 
coarse-pitch, widely-spaced threads of the 

P-K Type B screw. Thus it distributes cut- 

ting pressure evenly, lets chips drop to the 

bottom of the hole and a cracking 

of the material. The B-F is designed for 

P-K , making fastenings to comparatively thin sec- 
TYPE “B-F” tions and bosses in friable and brittle plastics. 
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SPECIAL FOR NYLON 
P-K TYPE L 


For this very popular material, only 
Parker-Kalon has a completely new tap- 
ping screw—especially developed for use 
in nylon. It is called the P-K Type 
L (U.S. Patent 2,350,346). The Type L 
functions as a combination thread-cutting 
and thread-forming screw in that it cuts 
a small amount of nylon while allowing 
the full diameter of the threads to form. 
The new P-K Type L offers a particular 
advantage in nylon assemblies which must 
be disassembled for service because the 
Type L can be readily removed and 
replaced without stripping or galling. 


P-K 
TYPE “L” 


THREAD-CUTTING 
SEMS? 


Specify P-K, and get thread-cutting 
screws with a higher drive-strip ratio, plus 
the added holding power of a pre-assembled 
washer! 

P-K Sems are readily available with a 
wide variety of washers pre-assembled to 
thread-cutting screw types ‘‘F’’ and 
““B-F’’. They may be ordered with slotted, 
Phillips or Hex heads. They can be hopper 
fed for automatic driving. Inspection 
rejects due to omitted lock washers are 
impossible. Fastenings stay tight and firm. 

P-K Sems reach your assembly line 
pre-assembled, ready for instant use. They 
assure concentric washer seating —washers 
cannot come off. Double inventory and 
parts handling is completely eliminated. 

P-K Sems are also available with a wide 
variety of washers pre-assembled to 
thread-forming and machine screws. 











Use the Function Factor formula and 
prove to yourself that Parker-Kalon 
thread-cutting screw types F and B-F con- 
sistently perform at a higher drive-strip 
ratio. Their use will increase production 
efficiency and reduce the ‘“‘in-place cost’’ 
of fasteners in assembly operations. Pro- 
duction run samples may be obtained 
from your P-K Distributor, or write direct 
to the Parker-Kalon Sales Engineering 
Department. 


PARKER-KALON 


asteners 


PARKER-KALON, a division of General American Transporta- 
tion Corporation, Clifton, New Jersey. Offices and warehouses 
in Chicago and Los Angeles. 
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SYLVAMIA PRODUCES & DELIVERS 
THE COMPLETED ASSEMBLY 


—at substantial savings to IBM 


This electrical connector block is a vital link in the elec- 
trical system of an IBM computer. Unless it is built to 
exact tolerances, the computer can malfunction. 


To make this critical part, IBM chose Sylvania because 
we could perform the entire production sequence —from 
raw materials to completed assemblies built to tolerances 
in terms of thousandths of an inch. It soon proved the 


Sylvania experience paid off in two ways: in production 
economies and in fast delivery too. Total result: a better 
connector block —at lower cost. (For details see captions 
to pictures on these pages.) For full information on how 
Sylvania custom facilities can benefit you, or for a quote 
on a specific project, write Sylvania Electric Products 
Inc., Parts Division, Warren, Penn. 
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MOLDED FROM PLASTIC by Sylvania, the IBM connector block 
meets tightest sp:cifications. This is possible because Sylvania main- 
tains one of the world’s most modern and complete lites of automatic 
molding equipment. This equipment permits Sylvania to handle vol- 
ume orders for compression, injection and transfer molding. And a 
unique bank of rotary presses can produce millions of precision parts 
each day—even using phenolics and urea. 


Result to IBM? Precisely formed parts to fill high-volume requirements. 


CUSTOM METAL STAMPING AND DOT WELDING, in one 
operation, also paid big dividends to IBM. The original plans called 
for forming parts and then gold-plating the entire contact. Following 
a request by IBM to extend contact life and reduce costs, Sylvania 
experience paid off. Sylvania Engineers demonstrated they could weld 
a tiny gold dot at the contact point economically while maintaining 
close tolerance on the critical dimensions of the formed contact. 
High-speed, high-volume techniques enable Sylvania to meet critical 
deflection and sheer tests. Sylvania maintains a metal stamping facility 
which includes multi-slide machines, vertical presses, and specially 
developed machines to help solve your special problems. 


QC SERVICE MEANS QUALITY CONTROL! 


MADE FROM SYLVANIA WIRE, precision-rolled 
ribbon connectors offer high reliability when the cir- 
cuitry is completed using wire wrap contact methods. 
The cross section of the ribbon—.023” x .062”—and 
the corner radius of .003” were accomplished on a 
special three-head tandem rolling mill and special 
forming equipment. 


Result of this flexibility to IBM? Top reliability at close 
tolerances. 


CUSTOM ASSEMBLY by Sylvania of the block and 
the parade of contacts is handled by our corps of 
trained specialists. Many of our customers have found 
that Sylvania can often deliver completely assembled 
and packaged products — using either all Sylvania com- 
ponents or all customer components, or both— at lower 
cost than is possible in the customer’s own facilities. 


Result to IBM? Many, many thousands of completed 
top-quality assemblies per month, and to tolerances 
specified for automatic wire wrap. 


At Sylvania, a tough-minded, hard-to-please quality control department has full authority for assuring the parts Sylvania produces 
meet your most stringent specifications. Example of this thoroughness: for the IBM connector block, Sylvania used 100% inspection! 


SYLVANITA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
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DRIGINGE SELF-CLINCHING FASTENER 





Made in steel, stainless 
steel, aluminum and Monel. 
Positively locked into pre- 
pared holes by any stand- 
ard squeezing tool. For 
metal thicknesses down to 
.032”. Sizes from No. 0 to 
34". Bulletin CL. 


SELF-CLINCHING, SELF-LOCKING NUT 


All metal (steel, stainless 
steel or aluminum) com- 
bines 2 functions in single 
light-weight, low-cost unit 
for sheet metal fastening. 
Suitable for installation in 
sheet thicknesses from 
.040” and up. Sizes from 
No. 2 to 10. Bulletin SL. 


SELF-CLINCHING CAPTIVE STUD 


* 


% 


Uy iis, 
My) 
pg YU 


Steel and stainless steel, 
designed for quick, easy 
flush-head installation in 
panels of cold-rolled steel, 
brass, copper, aluminum 
alloys and similar mate- 
rials. Sizes No. 4 to %”". 
Lengths from 1%” to 114’. 
Bulletin FH. 


SELF-CLINCHING FLUSH FASTENER 


One-piece, stainless steel 
threaded insert installs in 
sheet thicknesses from 
.061” and up with flush 
mounting area on both sides 


of sheet. Suitable for mate- 
rials with Rockwell Hard- 
ness of B-70 and less. Sizes 
No. 2 to 14”. Bulletin FH. 
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Steel and non-magnetic 
stainless steel. Nut is pro- 
jection welded to part with 
extended shank protecting 
threads from weld splatter 
and serving as pilot in as- 
sembly. No. 2 to 4”. Bul- 
letin WN. 


SELF-LOCATING WELD FASTENER 











SELF-CLINCHING FLOATING NUT 


Carbon steel and stainless 
steel. Provides rapidly as- 
sembled nut anchor in sheet 
metal and compensates for 
slight errors (up to '@") in 
alignment of mating holes. 
Sizes No. 2 to 4”. Suitable 
for sheet thicknesses from 
.040” up. Types AS and AC. 





Made in both blind and 
threaded-through types in 
steel, aluminum and stain- 
less steel. Sizes No. 4 and 
No. 6. Overall lengths from 
Ye” to 1%". Suitable for 
use in sheet thicknesses 
from .040” and up. Bul- 
letin SO. 


For hard metals and brittle 
materials — magnesium, 
glass laminates, epoxies, 
etc. Madein steel and stain- 
less steel. Sizes No. 2 to 
34". Type KF. 


SELF-CLINCHING STAND-OFFS 


SELF-CLINCHING SPLINE FASTENER 















\ 











The BEST Solution to Difficult 
Speed Control Problems— 


LIQUID-COOLED EDDY-CURRENT 
COUPLINGS and DRIVES 


Dynamatic Liquid-Cooled Couplings provide in- 
finitely adjustable speeds for nearly every appli- 
cation from 3 to 75 HP. Note the absence of slip 
rings, brushes, and commutators. Heavy-duty types 
with capacities up to 5,000 HP are also available. 


“‘Dynaspede" Drives are Dynamatic 
Liquid-Cooled, Stationary-Field Eddy-Cur- 
rent Couplings mounted integrally with 
standard, D-flange, squirrel cage motors. 
Available in capacities from 3 to 75 HP. 


Here's Why— 


Dynamatic Liquid-Cooled Couplings and Drives provide infinitely adjust- 
able speed from a constant speed source—or constant speed from a variable 
speed source. They operate on standard alternating current. Rotary power 
is transmitted through the coupling by an electromagnetic reaction between 
the driving and driven members of the unit—there is no mechanical contact 
of rotating members to cause wear and require adjustment or replacement. 
A wide range of standard and special control features may be obtained 
from a remotely-mounted electronic control system. Infinite speed adjust- 
ment, constant speed control, on-off clutch control, torque limit, accelera- 
tion control, inching, and threading are a few of the many functions avail- 
able. The addition of an eddy-current brake to standard couplings or drives 
provides smooth, cushioned stops and controlled deceleration. 
Liquid-Cooled Dynamatic Couplings and Drives deliver more horsepower 
than other types of the same physical size, thus conserving space in a busy 
machine area. Efficient heat dissipation permits continued operation at 
low speeds, or stall with full load. 

Completely enclosed, Dynamatic liquid-cooled units are protected from 
dust, dirt, and other atmospheric impurities. Dynamatic design involves no 
brushes or slip rings; there is no possibility of arcing. With simple modifi- 
cation these units can be made explosion-resistant for hazardous applications. 


Send for Our New Illustrated Bulletin. 


EATON 
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DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE 


Infinitely Adjustable Speeds 
from AC Power 


x 
Full-Torque Starts 


*« 


Wide Range of Control Functions 


*« 


No Slip Rings, Brushes 
or Commutators 


*« 
Completely Enclosed Design 


*« 


Greaseable Bearings 





KENOSHA, WISCONSIN 
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Champion Upset Forging Cuts 
Finished Gear Cost 23%! 


The manufacturer of this pinion gear cuts finished by directioning grain flow in the metal. Check your 
cost 23% by starting with Champion upset forged products for parts like this . . . then call — 
blanks. He saves on material by using a 1144’ x 5” 


blank with a 134” collar instead of 134’ bar stock. TH E Cc HA M Land oO N 


He saves again because most rough machining is 
eliminated. RIVET COMPANY 


T. P. Champion, President 


Upset forgings can save you money and give you 
CLEVELAND 6&6, OHIO + EAST CHICAGO, INDIANA 


better quality too... upsetting increases strength 
Whew ita w wilal part, better make 10 TEXOIRTE 
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Adjustment 
toa 


thousandth 
in an 


That’s the story of a Shim made of Laminum®. Adjustment to a 
thousandth in an instant. Here’s time-saving . . . cost saving. . . 
clearly measurable at the assembly line. Savings so easily made 
with the p-e-e-l of a knife. 


LAMINUM is the registered trade name for laminated shims, sur- 
face bonded in metallic or plastic to look, act and feel like a 
solid piece of metal. Yet each lamination is easily p-e-e-l-e-d to 
bring your shim down to an exact fit—right on the job. 


No machining. No grinding. No counting. No stacking. No 
miking. No costly stand-by equipment. And custom-made— 
in any quantity—to your exact specifications. 





Available in brass, mild steel, stainless and aluminum... .002” 
or .003” laminations as you desire. 


To find how LAMINUM can save you time and money just write 
for the revised SHIM DESIGN FOLDER No. 4. Here’s complete, 
up-to-the-minute engineering data on Laminated Shims for 
your own assemblies. Send for this booklet today! 


® THE LAMINATED SHIM COMPANY, INC. 
West Coast Sales and Service - 600 Sixteenth St., Oakland, Calif. 
Home Office and Plant ~ 1203 Union St., Glenbrook, Conn. 
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Take a lead from the leaders... 


Since 1948, Amchem ALODINE" 
treated over 1 Billion square feet 





Popular Reynolds Colorweld pre-finished aluminum panels find wide application in commercial construction 
where its enduring performance and good looks are helping to change the architectural face of industry. 
Alodine contributes its protective qualities to Colorweld’s amazing paint performance. 


MacHINE DEsIGN 





Conversion Coating Chemicals have 
Of Aluminum in Reynolds Plants ! 


From 1955, when Reynolds Colorweld** Production was started, Reynolds 
has used ALODINE: Continue to Report Complete Customer Satisfaction 
with Paint Adhesion on this Quality Pre-Enameled Aluminum Product 


At two Reynolds producing facilities—Atlanta, Ga. and 
McCook, Ill.—Alodine chemicals used in the pre-paint 
treatment of Colorweld offer a typical example of 
Reynolds’ continuing emphasis on product quality. 


Each day at these plants thousands of feet of aluminum 
are treated with Alodine to provide the metal with a 
chemical coating which produces high quality paint bond- 
ing characteristics so essential to the durable Colorweld 
finish Reynolds demands. 


Alodine provided the first economical treatment that 
made possible the mechanical forming of pre-painted 
aluminum. Under extremely high volume processing 
speeds, the outstanding attributes of Alodine benefit 


*Amchem's registered trademark for its conversion coating chemical for aluminum. 








Beauty and durability characterize sid- 
ing of Reynolds Aluminum Colorweld 
for home use. Alodine chemicals help 
provide a paint bond that lasts 
and lasts. 


thanks to Alodine. 


<@ ALODINE 


Amchem is a registered trademark of 


This home-on-wheels has more appeal, will 
last longer thanks to its body of Reynolds 
Aluminum Colorweld, and a firm paint bond 


aluminum products of all types—through improved paint 
bonding for subsequent mechanical forming operations, 
that means extra years of wear for painted aluminum 
under all types of environmental conditions. 


Behind the success of Alodine as the outstanding pre- 
paint treatmerit for aluminum stand the research and 
development activities of Amchem’s Metal ‘Protection 
Laboratories where the search continues for even more 
efficient aluminum treating chemicals. 


Take a lead from the leaders. If you’re producing alumi- 
num—bare or coated—specify Alodine for the assured 
quality and added beauty of your finished product. 


**Colorweld is a registered trademark of the Reynolds Metals Company. 








At Amchem’s Metal Protection Laboratories 
exhaustive quality control testing assures the 
performance of Alodine chemicals for every 
aluminum pre-paint requirement. 


" Write for Bulletin 

, 1424C, gives 
detailed technical 
specifications on 
different Alodine 
chemicals 
available for 
pre-treating 
aluminum. 


AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 
AMBLER, PA. e St. Joseph, Mo. e Detroit, Mich. ¢ Niles, Calif. e Windsor, Ont. 
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top 


the one right 


SOLID PIN 
for the job 


(the solid Groov-Pin is still the safest, 
surest way to pin two parts together) 


The Groov-Pin has the holding power of a 
press fit pin without the need for close toler- 
ances, and the ease of installation of a taper 
pin without the need for reaming. 


You just drill the hole and drive the pin 
home. Once seated it stays there...no matter 
what the condition of shock or vibration. 


Available in low carbon steel or other ma- 
terials (stainless pins are 303, non- 
magnetic). Diameters from 1/32” to 1/2” are 
standard; specials are available and priced 
as standard in lots above 5000. 


Write today for samples, comprehensive 
catalog, and acetate copy of this ad suitable 
for wall mounting. Groov-Pin Corporation, 
1130 Hendricks Causeway, Ridgefield, N. J. 


UNSEATED 
L 


i | 


SEATED + c. 


the unique GROOV-PIN locking principle 


When a Groov-Pin is driven, the material dis- 
placed by the grooves is forced to flow back, 
setting up a powerful locking force. The abil- 
ity of Groov-Pin to hold under severe shock 
and vibration . .. and its immunity to vibra- 
tion fatigue . . . has been thoroughly proved 
by the billions in use! 


GROOV-PIN 
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fastening gears, pulleys, 
sprockets, collars and 
cams to shafts. 


The basic Groov-Pin and 
most widely used. Has three 
full length grooves tapering 
from maximum diameter at 
one end to nominal diam- 
eter at the other. 





locating pins, stop pins, 
hinge pins. 


Grooves cover only one half 
of pin length. Used where 
holding power is not criti- 
cal. Speeds assembly be- 
cause ungrooved portion 
acts as a pilot. 





clutch and brake pedals 
to cross shaft; bike pedal 
arms to brake shafts. 


Recommended for severe 
shock and vibration applica- 
tions, its full length parallel 
grooves give it great hold- 
ing power. Type 3H is es- 
sentially the same, but has 
pilots on both ends suiting 
it for hopper feeds. 





Similar to Type Two, but 
taper on grooves is reversed, 
meaning groove end is in- 
serted first. This is partic- 
ularly good on blind hole 
applications. 





aircraft cowling, cover 
plates for buses, trucks. 


Has three oval grooves half 
the length of the pin, cen- 
trally located. Especially 
suited for quick removal 
and replacement. Type Five 
is also well suited for hinge 
pin applications. 








Same as Type Two, but with 
annular grooves on un- 
grooved end for spring an- 
chor or retaining ring. Type 
Six is for through holes; 
Type Seven for blind holes. 
In addition, annular grooves 
may be machined to your 
specification — for use with 
retainer rings, for example. 
See catalog for standards. 














It’s all there, every detail sharp and clear, in Recorpak precision 35mm microfilm images 


There’s more to these Recorpbak pictures 


than meets the eye! 


RECORDAK precision 35mm microfilm images 
more than meet DOD requirements—give a 
minimum of 120 lines per mm resolution at 
30-to-1 reduction ratio. 

Look closely at some REcorDAK microfilm images 
in a film reader. See how every detail is sharp and 
clear how the backgrounds are remarkably 
uniform, even though the pictures you’re looking at 
were made from drawings and prints of every 
type and age. 

How do these REcorDAK pictures come out so well? 

First, the negatives are made on REcoRDAK Micro- 
File Film with Recorpak Precision Microfilming 
equipment. Carefully controlled exposure techniques 
assure uniform backgrounds and contrast. The ex- 


SRECORDPK’ 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming 
—now in its 33rd year 


posed film then is developed, according to the most 
up-to-date scientific standards. 

Your staff can easily be trained in the use of RE- 
CORDAK Micro-File equipment especially calibrated 
to produce images which meet DOD requirements. 

This is important, for your success with an auto- 
mated engineering drawing program depends mainly 
on the quality of the pictures you use, and on the 
quality of the prints you can make from them. 


Free booklet goes into more details on precision 
microfilming available through Recordak or a Micro- 
filming Dealer of Recordak. 


RECORDAK CORPORATION 
415 Madison Ave., New York 17, N.Y. DD-3 


Name 


eeeeeeeees ee oMAIL COUPON TODAY: +seeeececesees 


Send booklet describing Recorpak Engineering Drawing 
System and name of nearest Microfilming Dealer of Recordak. 





Company Position 





Address. 











City Zone. State 


IN CANADA contact Recordak of Canada Lid., Toronto 
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Century close-coupled pump motors 


Century close-coupled pump motors make real 
design sense, especially today when mounting space 
costs money. The overall length of the pump and 
motor assembly is considerably shortened—almost 
25% in the pumps shown here. 


This close-coupled mounting also eliminates 
the intermediate coupling and bearing. Alignment 
of pump and motor ceases to be a problem. Mainte- 
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nance is simplified because there is less to maintain! 


Both units shown here are Century 5 horse- 
power, squirrel cage, open frame construction 
motors. Both motors are 208-220/440 volts, 3470 
RPM (at 60 cycles) 


This standard pump construction measures 
337%” long from bedplate base to the end of the 
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‘ 








make this difference ... and more 


pump. The close-coupled pump unit measures 251,” 
long. This is a difference of 8?” in overall length— 
a space saving of almost 25% in these two compara- 
ble horsepower constructions. 


The Century close-coupled pump motor is not 
a “‘special.’’ Neither is its price. You can order it 
directly from Century stock. Your Century repre- 
sentative (he’s a full-time motor specialist) or dis- 
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tributor can give you full details on close-coupled 
pump motors—including prices and delivery time. 
Contact him right away, and write for Bulletin 
1455 to: 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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are you getting your 


METAL $ 
WORTH? . 


COST SAVING: 60% 


That’s how much Jamieson Labora- 
tories estimate they save by die cast- 
ing this blower housing from Zamak 
instead of stamping from steel. Only 
with a zine die casting can they get 
the rugged thin-wall construction 
they need—tough enough to take the 
shocks and vibration encountered in 
use, yet with thin-wall sections ductile 
enough to take extensive blanking 
and forming operations after casting. 
Neither competitive die casting mate- 
rial—aluminum or magnesium—nor 
the leading injection molded plas- 
tics, can meet these demands. 

“The design is highly functional 
and extremely low cost compared to 
other methods of manufacture,” says 
Jamieson. Can you say that of your 
own choice of fabrication? Are you 
getting your metal’s worth? Remem- 
ber—Zamak gives you more for less. 


BLOWER HOUSING, WHITECAP AIR-CONDITIONED HELMET 
AWARD OF MERIT 
The New Jersey Zinc Company’s “Zine Die Casting of The Year” contest 
Die Cast by Westland Die Casting Company 





HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY 
ZINC COMPANY 


160 FRONT STREET « NEW YORK 38, N. Y. HORSE HEAD 
DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY PRODUCTS 
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E&R 


ESEARCH and Development, 

R & D for short, is a catch- 

word rather than a well-de- 
fined, integrated function. Broadly, 
it connotes those areas of activity 
that lead to new products, or weap- 
ons. But it seems to stop short of 
the all-important stage of design 
for production—the form in which 
a product reaches the hands of cus- 
tomers. 

We like Karger and Murdick’s 
more comprehensive phrase Engi- 
neering and Research (E & R, if 
you prefer initials), which they dis- 
cuss in this issue. The two func- 
tions are distinct, and also com- 
plete. 

Engineering, which includes de- 
velopment and design, embraces 
those activities which have a pre- 
dictable result. Research has no 
predictable outcome, though it usu- 
ally has goals. Together, research 
and engineering embrace the whole 
spectrum of new product activity 
from ideas to hardware. 

Basic research and applied re- 


search differ from each other main- 
ly in the sharpness with which the 
goals are defined. Both represent 
quests for new information—explor- 
ing the unknown—research to 
know. An illegitimate cousin, re- 
search to show, is of interest only 
in the promotion of sales: “Research 
proves....” 

Engineering has goals, too, but 
with an important difference—the 
results are known in advance, or 
should be. Engineering implies a 
well-managed plan, a design, to 
guide the course of a project to a 
specified result. 

One prominent machine manu- 
facturer is fond of saying his prod- 
ucts are “better—by design.” The 
concept of intention and purpose is 
the key to this function, whether 
we call it engineering, design en- 
gineering, or simply design. 


4 Aatniibaal 
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DELMAR W. KARGER and 


Just what part does engineering and 
research play in industry?’ The an- 
swer is suggested by the staggering 
amount of money being spent on 
E & R and the emphasis both engi- 
neering and research have been re- 
ceiving in the last few years from 
larger companies. 

But how about the medium-size 
company? And the small company? 
Should they place more emphasis on 
research? And 
how do they go about organizing a 


engineering, or on 


program? 

This article gives many of the an- 
swers. It also provides a working 
background for any engineer who 


aspires to management. 





ROBERT G. MURDICK 
Dept. of Management Engineering 
Rensselaer Polytechnic Institute 
Troy, N. Y. 


ingly dependent on technological innovation for 

survival and growth. According to a National 
Science Foundation survey, industrial engineering 
and research expenditures in 1960 went over the 
$10 billion mark. The relationship between expen- 
ditures on E & R and returns on investments is 
outlined in Table 1. 

Engineering and research permeate every activ- 
ity of a company and are pertinent to every major 
policy and decision made. Yet while the rise of 
engineers and scientists to management positions is 
increasing, many large firms are still managed by 
men who rose through the marketing, manufactur- 
ing, or financial functions. E & R management is 
therefore bearing a greater responsibility than ever 
for promoting such major objectives as: 


i RECENT years, industry has become increas- 


1. Insuring that the company operates in areas of rapidly 
advancing technologies. 

2. Assuring maximum usage of the company’s resources. 

3. Exploiting both active and potential markets. 

4. Providing diversification of the company’s products. 

5. Insuring an increasing profit potential. 


E & R management has broader responsibilities 
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than company activities, however. Political and 
social movements, fed by the fuel of technology, are 
creating an irresistible rush into the future. No 
longer is management concerned merely with com- 
petition at the level of the firm, but with response 
to pressures of newly developing countries and to 
the challenge of Russian growth. 


How Important Is Research? 


Average distribution of the E & R expenditures of 
about 200 companies is shown is Fig. 1. Since many 
companies do no basic research, in many cases 
E & R is concerned solely with the application of 
existing knowledge to improvement of a present 
product or process, the application of existing knowl- 
edge to the creation of new products, or the planned 
search for new knowledge for a specific application. 

Engineering and research interact over a wide 
range of activities and through varying degrees of 
complexity, as shown in Fig. 2. But in many cases, 
management’s failure to recognize that either engi- 
neering or research must dominate causes confusion, 
wasted effort, internal conflict, and excessive cost 
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Table 1—Research Expenditures and Rate of 
Return in the United States, by Industries* 





Research Expenditure 
As Per Cent of 
Salest 


Return on Net 


Industry Worth§ 





Aircraft and parts : 17.8 
Electrical equipment : 12.6 
Professional, scientific, and con- 
trolling instruments : 12.0 
Chemical and allied products .. 2. 13.2 
Motor vehicles and other trans- 
portation é 12.5 
Machinery (except electrical) ... 2. 10.7 
All manufacturing é 10.9 
11.2 
Petroleum products . 12.4 
Stone, clay, and glass .......... ' 12.3 
Fabricated metal products ...... 0.57 93 
Paper and allied products ...... 0.39 8.9 
Primary metal , 10.6 
Lumber and furniture . 0.6 
Food and kindred products ..... l 8.6 
Textile mill and apparel ’ 48 





*Trends in ‘Industrial Research and Development, Yale 
Brozen. 11956. §1957. 
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New Product Development 
42 per cent 


| Basic 
| Research 8 per cent ~~ 





Product 


Fig. 1—Average distribution of company ex- 
penditures for engineering and research. 


of E & R. The question is, which function shall 
dominate? 

In general, engineering and research groups 
should be separated. Neither one should be an 
adjunct of the other, although the heads of the 
separate groups may report to the same company 
officer. In some cases, the research group may 
consist of a group of scientists, identified as a “tech- 
nology” group, and on the same level as engineer- 
ing. 

Some instances in which research dominates en- 
gineering are in the drug, chemical, or metallurgy 
fields, where applied research is most vital, and 
engineering provides a service or production-devel- 
opment function. 

Here, product development passes from applied 
research to engineering to production. As research 
begins to define a theory and determine its nature, 
engineering becomes involved in possible practical 


applications. In some cases, engineering is simply 
called upon for production design. Then, while re- 
search begins to explore related avenues that may 
have been opened, engineering evaluates previous 
information passed on by the research group to 
determine its possibilities for existing or new products. 
Eventually engineering accepts its full responsibility 
for applying the idea. By this time research has 
defined and classified the theory and has gone on 
to others. 

This is, of course, an oversimplification, but it 
does illustrate the shift in responsibilities. It is a 
function of management to control this shift from 
research to engineering so that it occurs smoothly 
and effectively. It is a well-recognized manage- 
ment precept that duplication of activities must be 
eliminated and responsibilities clearly defined if an 
organization is to function with maximum effec- 
tiveness. 

In companies that manufacture machinery, trans- 
portation equipment, household appliances, etc., the 
prime responsibility for product development must 
rest in engineering. Applied research becomes a 
service—although a very important one, for an 
unexpected, highly specialized problem can hold up 
engineering development if not solved immediately. 
Applied research can also help in preventing such 
holdups by conducting research on problems en- 
countered while evaluating possible alternative prod- 
ucts. The research group may also follow new devel- 
opments in related fields, culling out the most promis- 
ing and referring them to engineering. 

In engineering-dominated organizations, misunder- 
standing of the research function accounts for large 
losses in the research budget. Management some- 
times fails to realize that research is not product 














Besar” 





Senge 








Fig. 2—Degree of complexity of various engineering and research programs 


undertaken by a company. 


In general, the size of the company, as well 


as its area of activity, dictate which phases it decides to pursue. 
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development, and new products are therefore not an 
immediate result. So research departments are often 
sidetracked in specific product-development assign- 
ments or are brought in only in engineering crises. 

While such sidetracking is often the result of man- 
agement choice, it also occurs because engineering 
is negligent and fails to accept its proper responsibil- 
ities for product development. 

Research should point the way to new products, 
new processes, and lower costs, but it is the engi- 
neer’s job to develop the most promising of the 
research group’s findings. Thus, the research group 
is free for further exploratory studies. 

There are many ways in which the research func- 
tion may be organized, depending upon the type 
of company and its emphasis on engineering. Re- 
search may be organized along lines parallel to 
the engineering organization; according to technical 
fields such as physics, metallurgy, etc.; or into inter- 
disciplinary product-development .teams. Fig. 3 
gives an example of one type of engineering and 
research organization, 


What Is Engineering’s Responsibility? 


Engineering may be considered primarily as creat- 
ing and processing information of combined tech- 
nological and economic nature. Processing informa- 
tion consists of computing, converting, transporting, 
reproducing, sorting, storing and retrieving. These 
basic elements can, of course, be combined in vari- 
ous ways. 

More than 50 years ago one of the founders of 
industrial engineering, Dr. Frederick W. Taylor, in 
a commencement address at Purdue University, 
stated that an engineer was a man who could pro- 
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duce the same part for one dollar that anyone else 
could produce for two dollars. Management tends 
to agree. They have also come to realize that the 
engineer can be useful in many other ways in to- 
day’s modern and complex business scene. He is 
a much sought-after specialist, and his creations are 
used by everyone in civilized society. For this 
reason, it is necessary for him to play a key role in 
new product development. 

Since in many cases engineers carry research re- 
sults right through the development of a new prod- 
uct, they should logically be consulted in making 
any final decisions regarding new product-devel- 
opment programs. Competition not only demands 
varied, high-quality, reliable products, but also mini- 
mum cost. Both of these aspects—development and 
cost—are a primary responsibility of engineering. 
They emphasize the importance of engineering to the 
attainment of over-all company objectives. 

Engineering’s primary function or responsibility 
is that of creating and designing a product which 
can be produced competitively, and which will per- 
form satisfactorily in the hands of the customer. 
However, satisfactory performance is a broad term 
that must also include service maintenance. 

Engineering may be organized along functional 
lines, Fig. 4, according to various fields, along prod- 
uct lines, or by projects. In addition, some groupings 
are a mixture of functional and project organization. 


Effect of Company Size and Type 


Size of a company, as well as its product, affects 
relative emphasis placed on engineering and research. 


Small Companies: Often, small manufacturers try 
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Fig. 3—Organization chart for E & R function in developing a line of house- 


hold products. 


Organization structures vary with the size of the company 


and the degree of importance attached to engineering and research. 
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Administrative Assistant 
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Fig. 4—Typical company organization chart. 


to economize by hiring mechanics or technicians to 
do an engineer’s job. Such use of technicians or 
mechanics is usually false economy. Development 
of all but the very simplest modern products requires 
a broad variety of engineering skills. 

Usually, a small company combines its engineer- 
ing activities under one department head. As the 
company grows, the design engineering group should 
be separated as soon as possible to achieve full re- 
sponsibility for product development. 

At some point in their growth, a company may 
have to hire a high-level research consultant to 
advise management and engineering on new devel- 
opments and special problems. This consultant often 
forms the nucleus of an applied research group. 

Only about 10 per cent of firms employing less 
than 100 people and only 30 per cent of those em- 
ploying from 100 to 500 people maintain research 
organizations. 

The industry involved also has an effect upon the 
division of labor between research and engineering. 
For example, in a technical-process industry both 
research and development are involved almost from 
the start. They must not only maintain control of 
the process, but they must also refine and improve 
it. As production increases and the small process 
plant must be expanded, there is a need for addi- 
tional engineering services. In addition to the 
problem of expanding the process facility itself, there 
is a continuing need to control the process. As a 
result, technicians are eventually hired to help in 
controlling the process facility. 

In many cases research, engineering, and process 
control continue to be under the same manager un- 
til the operation becomes too large for one man to 
handle. Eventually, research activities are given 
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status as a separate organization responsible for 
product development. 


Medium-Size and Large Companies: In medium 
and large-size companies, the research-development 
and design-engineering groups are much larger than 
in small companies, and may be separated by a con- 
siderable physical distance. In the over-ali picture, 
co-ordination of E & R is critical. Both research 
and engineering exist to contribute to the total prod- 
uct program and the responsibility of each must be 
specified with respect to this program. 

Today, most of the medium-sized companies have 
separate laboratories and research staffs. Approxi- 
mately 85 per cent of companies employing between 
2000 and 5000 employees maintain research organ- 
izations. The greatest difference between the medi- 
um-sized company and the large company lies, per- 
haps, in the amount of basic research each conducts. 


They say... 


We must demonstrate to the world that the free 
enterprise system can be more creative than any 
other—not only that it can create more and better 
material goods and services, but that it also can 
create the purchasing power to absorb this output 
while at the same time producing as a by-product 
more social goods and services than any other 
economic system. To accomplish all this without 
any loss in personal freedom is a challenge to every 
free individual.—John F. Gordon, President, General 
Motors Corp. 
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Adjustable 
pulley 
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Stroboscope - illumin- 
ated scale indicates 
torque transmitted through 
a torsion-spring dynamome- 
ter. Under running load, 
one scale rotates relative to 
the other. Thus, torque can 
be determined from the 
scale reading and speed from 
the stroboscope reading so 
that power can be comput- 
ed. Principle employed in a 
dynamometer by Micro 
Pump Corp., Danville, Calif. 
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Liquid stop limits 
return stroke of in- 
jector piston in a 
diesel-engine governor 
to control engine 
speed. The rate of the 
return stroke is con- 
trolled by an adjust- 
able needle valve. 
Time permitted for 
return stroke depends 
upon speed of engine- 
driven plunger. Thus, 
for a given setting of 
the needle valve, any 
increase in engine 
speed reduces the 
amount of fuel in- 
jected. Conversely, a 
decrease in engine 
speed increases the 
fuel flow. Liquid stop 
principle employed in 
diesel-engine governor 
developed by Precision 
Mecanique Labinal, 
Paris, France. 
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Flexible-flap valve controls air access to a vacuum lifter. The vacuum cup 
is struck against a flat surface, while the flap is held against the air inlet. To 
release the vacuum cup, the thumb-actuated flap is released, permitting air to 
enter the cup. Principle employed in lifter by Stilson Tool Inc., Roseville, Mich. 


Fluidizing gas, admitted through porous-metal panels, provides low-friction 


support for powdered materials. One use is to provide easy material flow and 
prevent bridging and caking in storage bin. Fluidizing principle employed in 
bin-liner panels by Micro Metallic Div. of Pall Corp., Glen Cove, N. Y. 





Bin wall 


Porous metal panel 


Powdered material 
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SS joint reduces number 
of parts in a swivel hook 
assembly. The stud is 
placed in the mold pre- 
pared for the hook, and 
protected from the mol- 
ten metal by sand. When 
the hook is poured, the 
molten metal encircles 
the stud. Principle em- 
ployed in hook cast by 
Cadillac Malleable Iron 
Co., Cadillac, Mich. 


noe SY - : ; : ast 
DWC ‘ = q| ; a integrally cast 


Balanced throt- 
tling valve reduces 
effect of variation of inlet 


pressure in a single-stage 

throttling valve. The 

piston, an extension of 
outlet —I|| 


pressure the throttling valve, per- 
mits a portion of the area 
normally exposed to the 
variable supply pressure 
Inlet to be exposed to con- 
pci stant atmospheric pres- 
sure. The slight friction 
a of the sealing O-ring 
damps vibrations of the 
throttling valve. Principle 
employed in pressure reg- 
ulator by Kim Products 

Inc., Lexington, Ky. 
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Alternate power 
paths provide quick- 
change gear ratios in 
a hand-operated winch. 
When the handwheel is 
pulled axially toward the 
operator, three gear sets 
give high reduction 
ratio. When handwheel 
is pushed away from 
operator, drive through 
one gear set provides low 
ratio. Principle employed 
in hand-operated winch 
by Western Gear Corp., 
Houston, Tex. 
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Secondary stream 




















Primary stream Upstream venturi 


Compound venturi increases efficiency of introduction of a secondary fluid 
into the primary stream. The downstream venturi produces a low-pressure area 
around the outlet of the upstream venturi, thus increasing the flow through the 
upstream venturi. Principle employed in an air charger developed by Nielsen 
Mfg. Co., Oakland, Calif. 


Measuring coil 


Nominal value 
pointer 








Actual value 
pointer 


Sychronous 
motor 


Cam - controlled 
magnet provides a 
reference input into a 
process regulator. The 
error signal produced 
depends upon relative 
position of the cam- 
controlled magnet and 
the measuring coil. 
Cam shape and speed 
can be varied to suit 
individual operating 
requirements. _Princi- 
ple employed in reg- 
ulator manufactured 
by Allgemeine - Elek- 
tricitaets - Gesellschaft, 
Berlin, Germany. 











Fig. 1 — Conical-disc | 
spring showing represen- 
tative nomenclature. 








Fig. 2 — Load-deflection 
characteristics of conical- 
disc springs. The points 
indicate condition y=h. 








Designing 
Conical-Disc Springs 


to provide specific load-deflection 
characteristics with a minimum space 


ONICAL discs are widely used as compression 

(Belleville) springs to support large loads 

ARTHUR D. BRICKMAN where space in the direction of loading is 

limited. Conical-disc springs, Fig. 1, have a unique 

feature. Their stiffness (change of load per unit 

change of deflection) varies over the full range of 

deflection. In addition, load-deflection characteristics 

can be readily altered by simply changing the pro- 
portions of the disc, Fig. 2. 

Details of a simplified approach to conical-disc 


Dept. of Mechanical Engineering 
The Pennsylvania State University 
University Park, Pa. 
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CONICAL-DISC SPRINGS 





spring design are presented in this article. A typical 
problem solution is demonstrated in Design Example. 


> Design Equations 


The behavior of conical-disc springs for large 
deflections was worked out analytically by Almen 
and Laszlo.’ The resulting equations for applied load 
P, maximum induced stress S, and stiffness K as a 
function of deflection are (see Nomenclature): 

p= +¥ [ m-os )(h— e+e | 1 

mer Sy y (1) 

_ *¥9 o 

8s = wat [ cuca 0.5 y) + Ort | (2) 


4 E’ 
& = [ (h — 0.634y) (h — 2.366y)t + t8 ] (3) 
Ma? 


where C;, Co, and M are dimensionless coefficients 


‘References are tabulated at end of article. 


Fig. 3—Chart for finding 
flat load index, &,. 
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The maximum stress, S, is compressive. For deflec- 
tions less than the cone height (y < h), this stress is 
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= Outside diameter of conical-disc spring, in. 


Inside diameter of conical-dise spring, in. 
Dimensionless coefficient (Equation 4) 
Dimensionless coefficient (Equation 5) 


= Modulus of elasticity of spring material, psi 
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“Plate” modulus of spring material, psi 

E/(1 — »?) 

Cone height, in. 

Stiffness of conical-disc spring at deflection y, lb/in. 
Stiffness of conical-dise spring at flat height, lb/in. 
Flat load index 

Flat stiffness index 

Free height of spring assembly, in. 

Dimensionless coefficient (Equation 6) 

Number of parallel spring sets in a series 

Number of springs in each parallel set 

Applied load, Ib 

Load to deflect spring to flat height, Ib 

Maximum induced stress, psi 

Maximum stress at flat height, psi 

Stock thickness, in. 

Deflection from free height, in. 

Total deflection at flat height, in. 

Poisson’s ratio 





These equations are impractical for design work, 
since for any given spring dimensions the load, 
stress, and stiffness at the working deflection must 
be calculated separately. Even though a satisfactory 
solution may be obtained in this way, it is usually 
difficult to determine spring proportions that require 
minimum space, yet satisfy a critical combination of 
service conditions. 

Because many conical washer applications involve 
deflections that are nearly as great as the cone height, 
a more convenient approach is to use the “flat” con- 
dition of the spring as a design criterion. For this 
case, y = h, and Equations 1, 2, and 3 become 
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where P,, S,, and K, are the load, maximum stress, 
and stiffness, respectively, of the flattened spring. 


Constant stiffness 
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Fig. 4—Chart for finding 
flat stiffness index, &,. 
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CONICAL-DISC SPRINGS 





A further simplification can be made by eliminating 
the thickness-to-diameter ratio, t/a, which appears 
in all three of these equations. Then, the results 
can be put into dimensionless form as 


PE’ 


a? 8,2 


> Design Parameters 


The “flat load index,” k,, defined by Equation 10 
may be interpreted as the allowable load capacity of 
a flattened conical-disc spring having a given out- 
side diameter a, plate modulus E’, and allowable 
stress S,. Similarly, the “flat stiffness index,” k,, 
of Equation ‘11 gives the corresponding stiffness ca- 
pacity. It can be seen that both indexes depend only 
on the thickness-to-height ratio t/h and the diameter 
ratio a/b, so that Equation 10 and 11 can be plotted 
as a series of parametric curves, Figs. 3 and 4. 

The stiffness characteristics of conical-disc springs 
depend only on the thickness-to-height ratio, as 
shown in Fig. 2. As this ratio increases, the load- 
deflection curve approaches a straight line, so that 
when t/h 2.5, constant stiffness can be assumed, 
with little error.? A reduction of t/h to 0.707, how- 
ever, reduces the flat stiffness of the spring to zero, as 
indicated by Equation 9. 


Thus, the design curves of Fig. 3 and 4 cover 
conical-disc spring proportions ranging from con- 
stant-stiffness (t/h = 2.5) to constant-load (t/h 
= 0.7) types. It is apparent from the shape of the 
curves shown in Figs. 3 and 4 that for given values 
of a, E’, and S,, a diameter ratio of a/b = 1.5 to 
1.7 will maximize both the load and stiffness ca- 
pacities of a flattened conical washer regardless 
of the value of the thickness-to-height ratio, t/h. 

The load-index and stiffness-index curves in Fig. 
3 and 4 provide a time-saving method of selecting 
spring assemblies that must operate without ma- 
terial failure at or near the flat condition, and be 
elastically stable. That is, they must have a positive 
stiffness for all deflections up to the flat condition. 
Any trial solution made by use of the curves auto- 
matically insures that the springs will not undergo 
permanent set when flattened, provided that the 
maximum stress S,, which appears in both indexes, 
is a safe design stress. 


> Multiple-Spring Assemblies 


When conical washers are used in multiple ar- 
rangements, such as those shown in Fig. 5, the load 
and stiffness of the assembly are, of course, differ- 
ent from the load and stiffness of each individual 
element. In the series arrangement (Fig. 5a), for 
example, each element carries the total load, but 
undergoes only half the total change of deflection. 
Thus, for a series set of two springs under flat con- 
ditions, P = P, and K = K,/2. Similarly, for a par- 
allel set of two springs, Fig. 5b, the total load is 
shared by the individual springs but they undergo 
the same deflection, so that under flat conditions 
P = 2P, and K = 2K,. 

For the more general case, Fig. 5c, where parallel 
sets of identical springs are combined in series, the 
corresponding relationships are: 





DESIGN EXAMPLE 


Problem: Design a conical-dise spring assembly to meet 


From Fig. 4, kk = 


0.78. From Equation 11, with So = 





the following conditions: OD = 2 in.; ID = 0.5 in.; P = 
3000 Ib; K = 20,000 Ib/in.; E’ = 33 X 108 psi. P is the 
maximum load when the spring is flat and K is the desired 
stiffness at maximum load. Allowable stress is 250,000 psi. 

Solution: To obtain a large load capacity and to limit the 
number of spring elements, n, select a = 2 in., t/h = 2.5 
(spring of nearly constant stiffness) and a/b = 1.7 corre- 
sponding to maximum load index, ki. Thus b = 2/1.7 = 
1 3/16 in. 

From Fig. 3, k 0.172. From Equation 10, P»= 1300 
lb. From Equation 12, n = P/P, = 3000/1300 = 23. 
Since n must be an integer, use n = 2. Then, P, = 3000/2 

1500 Ib, and from the flat load index determined pre- 
viously, So 268,000 psi. 


268,000 psi, Ko = 37,700 Ib/in. 

From Equation 13, m = nK./K = 2(37,700/20,000) 
3.77. Since m must be an integer, use m = 4, which re- 
quires that the overall stiffness K = nKo/m = 19,000 Ib/in. 

From Equation 7, with Po = 1500 lb, t = 0.091 in. Thus 
h = 0,091/2.5 = 0.036 in. Then, from Equation 15, L = 
0.875 in. and, from Equation 14, yo = 0.146 in. 

The trial solution thus yields a spring stack similar to that 
shown in Fig. 5c, where OD = 2 in.; ID = 1 3/16 in.; cone 
height, h = 0.036 in., stock thickness, t = 0.091 in.; stack 
height, L = 7/8 in.; flat deflection, yo = 0.146 in.; flat 
load, P = 3000 Ib; flat stiffness, K = 19,000 lb/in.; flat 
stress, So = 268,000 psi; and the number of spring elements 
is 8 (n = 2,m = 4). 
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> Design Characteristics 


Conical-disc springs can be pressed flat without 
permanent deformation, even though the maximum 
compressive stress calculated from Equation 8 great- 
ly exceeds the nominal yield strength of the material. 
This is because residual tensile stresses developed 
in the springs during fabrication partly offset the 
compressive stresses induced by the external load. 
Furthermore, examination of the stress distribution 
existing in a deformed spring shows that the maxi- 
mum stress acts only on an infinitely small annulus 
of material surrounding the hole. 

As deflection of the spring continues, this stress 
increases until it reaches the yield strength of the 
material. Deflections beyond this point then cause 
the annulus material to go into the plastic 
stress-strain range, while adjoining sections of the 
spring still in the elastic range take over the addi- 
tional load. When the load is finally removed the 
spring will, for all practical purposes, return to its 
original height if the localized failure has not affected 
an appreciable amount of the spring material. 

For conical washers that must withstand 500,000 
load cycles, a typical maximum allowable stress is 
200,000 psi. Where the loading is essentially con- 
stant, there seem to be no established criteria for 
selecting a value of S, that, when used in the de- 
sign equations, yields a spring that is just barely 
free from permanent deformation. For such critical 
cases the designer must rely on experimental data. 
In the case of prestressed, heat-treated steel springs, 
limiting values of S, from 300,000 to 700,000 psi 
are not unreasonable for certain dimensional com- 
binations. Successful application of the design charts 
and equations, therefore, depends a great deal on a 
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Fig. 5—Typical multiple- 
spring arrangements. 


judicious selection of a limiting stress, S,, suitable 
for the type of loading and for the properties of 
the formed spring. 


REFERENCES 
1. J. O. Almen and A. Laszlo—‘‘The Uniform Section Disc Spring,’’ 
Transactions ASME, Vol. 58, 1936. 
2. A. M. Wahl—Mechanical Springs, Penton Publishing Co., Cleve- 
land, Ohio, 1944. 
3. Handbook of Mechanical Spring Design, Associated Spring Corp., 
Bristol, Conn., 1956. 


Tips and 
Techniques 





Eraser-Fluid Applicator 


A handy applicator for erasing fluid can be made 
by inserting a rubber tip into the end of a dropper. 
Cut the tip from an eraser, as shown, and simply 

















push it into place. This arrangement provides ex- 
cellent control over the fluid, eliminating unneces- 
sary smearing.—Kari W. Scumirz, draftsman, Farris 
Engineering Corp., Palisades Park, N. J. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bidg., Cleveland 13, 0. 
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How to select 


Fig. 1—Double-poppet coupling. 


LUID lines can be instantly connected or dis- 

connected by the use of self-sealing couplings. 

No shut-off valves, or other flow disrupting 
devices, are required. 

Basically, these couplings consist of two halves. 
One contains a spring-loaded leak-proof poppet or 
seal; the other, a device to open the valve when the 
two parts of the coupling are connected. 

Self-sealing couplings are used in such diverse 
applications as residential and automobile air con- 
ditioning, farm and construction machinery, mili- 
tary equipment, and plant equipment. 

Advantages of these couplings include ease of in- 
stallation, speed in connection and disconnection 
of fluid lines, and elimination of draining or prim- 
ing. Self-sealing couplings must prevent entry of 
foreign matter into hydraulic and air systems, as- 
sure positive locking action when connected, and 
permit the required amount of free flow. Addition- 
ally, the couplings must be of sturdy construction 
for long and trouble-free service. 


Selection Factors 


To obtain these advantages in self-sealing cou- 
plings, three major factors must be considered in 
selecting a coupling for a particular application. 
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System Characteristics: The fluid to be used de- 
termines the types of materials required to prevent 
corrosion of the metals, damage to the seals, and 
changes in fluid characteristics. Other necessary in- 
formation includes range of fluid operating tem- 
peratures, ambient or outside temperature range, 
system pressure, proof pressure (usually 150 per 
cent higher than the operating pressure), and burst- 
ing pressure (or point of failure). Bursting pres- 
sure must be 250-300 per cent of the operating sys- 
tem pressure in aircraft and missile applications, 
and about 400 per cent in industrial use. 


Operating Data: Necessary information here in- 
cludes required free flow and allowable pressure 
drop. Also, the amount of leakage or air inclusion 
that is permissible while disconnecting or connect- 
ing must be established. Some types of self-sealing 
couplings are leakproof during the connecting and 
disconnecting process. Others permit a slight leak- 
age during connection or disconnection. This amount 
is specified as the maximum permissible fluid loss 
or air inclusion during each connection or dis- 
connection. Another factor is whether the coupling 
must be connected or disconnected against pres- 
sure. If so, the frequency of operation must be de- 
termined. 
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Fig. 2—Sleeve-and-poppet coupling. 


Maximum Dimensions: Finally, what are the maxi- 
mum allowable envelope dimensions? Is a ball latch 
or a quick-lead thread required for quick connection 
or is a regular thread satisfactory? Does the particu- 
lar application require a push-together, a manual, 
or a remote-type coupling? Does it require a mount- 
ing flange, a boss mounting, or a bulkhead jam nut? 
What are the weight specifications? What size end 
connections (male or female) are required? 


Basic Types 


There are four basic types of self-sealing cou- 
plings—double poppet, sleeve and poppet, slide seal, 
and double rotating ball. 


Double Poppet: This type, Fig. 1, has a self-seal- 
ing poppet in each coupling half. As the coupling 
halves are brought together, the external seal is 
engaged by the male body. Then, the two poppets 
touch each other. Further movement disengages the 
poppets from their sealing surfaces. The air trapped 
between the two poppets enters the fluid system 
and this volume is immediately filled with the sys- 
tem fluid. Maximum flow occurs when the coupling 
halves are fully connected. 

Upon disconnection, the two poppets are fully 
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closed before the two coupling halves are disengaged 
from the seal. The fluid that is trapped between 
the two poppets spills out as soon as the external 
seal is broken. 

The leakage and air inclusion are the major dis- 
advantages of this type coupling. 

However, advantages include the fact that the 
poppet seals are the most positive of any of the 
self-sealing couplings. This type of coupling is used 
in vapor and liquid systems for fuel and oil, in 
hydraulic supply and return systems, and in low- 
pressure cooling circuits for electronic equipment. 


Sleeve and Poppet: This type, Fig. 2, has a self- 
sealing poppet in one coupling half and a tubular 
valve and sleeve arrangement in the other. The hol- 
low, stem-like valve has ports around the outer 
surface near one end. The sleeve covers the ports 
of the tubular valve when it is closed. Both the 
poppet and sleeve are spring loaded. When the 
coupling halves are brought together, the seal on 
the end of the sleeve engages the body of the op- 
posite half. Thus, an external seal is formed to 
prevent leakage. The poppet and the head of the 
tubular valve contact as soon as this seal is formed. 
Thus, there is no space for trapped air. Further 
movement causes the tubular valve to push open 
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Fig. 3—Slide-seal coupling. 


the poppet valve. At the same time, the coupling 
body of the poppet-valve half pushes back the sleeve 
and uncovers the ports of the tubular valve. 

When the coupling halves are disconnected, the 
poppet and sleeve are fully closed before the ex- 
ternal seal is broken. This arrangement prevents 
fluid loss from the system. 

The freedom from fluid loss and air inclusion is 
the most important advantage of this type of cou- 
pling. The system fluid must have lubricity to in- 
sure functioning of the sliding seal. 

Any system that cannot tolerate air inclusion or 
fluid escape must use this type of coupling. 


Slide Seal: A sliding gate covers the port on each 
coupling half in the disconnected position, Fig. 3. 
To connect the halves, the gates are engaged with 
the indentations on the opposite bodies, and the 
halves pushed together. The gates covering the ports 
are pushed back and the ports aligned with each 
other. The gate-to-body seal then serves as a seal 
between the two coupling halves. 

In the connected position, the only resistance to 
flow is caused by the two elbows that change the 
direction of flow. A latching mechanism holds the 
coupling halves in the fully connected position. 

To disconnect, the latching mechanism is released, 
and the two halves are pulled apart. The gates slide 
over the ports and seal the system. If the system is 
under pressure during connection or disconnection, 
fluid is lost as the gates slide over the ports. The 
quantity lost depends upon the time required to 
connect or disconnect. 


Double Rotating Ball: Each coupling half con- 
tains a ball with a passageway through it, Fig. 4. 
In the disconnected position, the balls are turned to 
seal the port in the coupling half. As the two cou- 
pling halves are brought together, an external seal 
is made, and the halves are locked by a latching 


mechanism. Further movement of the latching 
mechanism turns both balls 90 deg so that the pas- 
sageways are in line with the ports of the coupling 
halves. The air trapped in and between the balls 
enters the fluid system. In the connected position, 
the only resistance to flow is produced by the an- 
nular grooves at each end of the passageways. 

During disconnection, the first movement ro- 
tates the balls to close the ports. Further movement 
then unlocks the two halves. When the external 
seal is broken, the trapped fluid escapes. 
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Connected 


Fig. 4—Double rotating-ball coupling. 


Fig. 5—Coupling for 10-in. diam fuel line. 
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This type coupling causes only slight pressure 
drop. 

Disadvantages include the large air inclusion on 
connection, the fluid loss on disconnection, and the 
difficulty of sealing the balls in the disconnected 
position. 


Additional Variations 


Besides the four basic designs that have been 
discussed, several other variations are widely used. 


Single Poppet: Though not a true self-sealing cou- 
pling since both halves do not seal, the single pop- 
pet is widely used in pneumatic lines where it is 
necessary to seal the supply-coupling half only. 
Problems of air inclusion and pressure drop usually 
do not apply here. 

At the other extreme in size is the 10-in. cou- 
pling shown in Fig. 5. This coupling, probably the 
largest single-poppet coupling that has been built, 
connects ocean-going tankers to land-based supply 
tanks for the transfer of liquids. 


Stem Valve: For low-pressure applications, the 
valve of the sleeve-and-poppet couplings can be re- 
placed by a stem valve. This arrangement, Fig. 6, 
reduces the pressure drop as much as 60 per cent. 


This type coupling is used in refrigerant applica- 
tions where minimum pressure drop is important. 


Diaphragm-Piercing Poppet Valve: Here a sec- 
ondary inner seal is used to contain the fluid dur- 
ing extended storage periods. In general, the fluid 
is a hazardous or highly volatile type. When the 
coupling is connected, a pointed poppet valve pierces 
the diaphragm to permit flow through the cou- 
pling. Since the diaphragm is destroyed by the 
piercing, each coupling of this type can be used 
only once. 


Concentric Valves: Couplings of this type, used in 
non-pulsing electronic cooling systems, have one 
fluid path and valves completely surrounded by 
another fluid path and valves. This arrangement 


prevents accidental cross connection of the “in 
and “out” side of the system. 


Locking Arrangements 


In addition to holding the valves open, the lock 
holds the two coupling halves together. Some meth- 
od should be provided to indicate when the cou- 
plings are properly locked together. 


Key Locking: One half of the self-sealing coupling 


Fig. 6—Sleeve-and-poppet coupling with a stem valve which pro- 


vides minimum pressure drop for refrigeration applications. 




















Fig. 7—Key-locking poppet coupling. 
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SELF-SEALING COUPLINGS 





acts as a closed valve in the circuit, Fig. 7. The 
other half serves as the key to unlock the poppet 
valve in the bulkhead half during filling or check- 
ing of the system. 


Single-Lead Thread: If time and space limita- 
tions are not important factors, this arrangement 
is the most popular means of connection and dis- 
connection. Technically, however, it is not a quick- 
disconnect type. 


Multiple-Lead Thread: The number of turns re- 
quired is reduced. This arrangement is particularly 
desirable on the pressure side of a hydraulic cir- 
cuit since the load is equally distributed over the 
large connecting areas. 


Push-Pull: Circumferentially arranged steel balls 
in one half of the coupler engage a matching re- 
taining groove on the nipple. A spring-loaded outer 
sleeve holds the balls in place. To release, the sleeve 
is pushed against the spring, and the nipple pulled 
from the coupler. This design is used in fuel, oil, 
hydraulic supply and return, and electronic cool- 
ing systems. Its simple push-pull action permits in- 
stallation in tight places. 

The major disadvantage is that it cannot be con- 
nected or disconnected under pressure. However, in 
breakaway frames, it can be mechanically pulled 
apart under pressure. 


Bayonet: Locking and unlocking can be accom- 
plished only at low pressures. However, this type 
has the minimum outside diameter. This locking 
design is most practical for smaller sizes. 


Panel Mounted: The back-panel arrangement is 
used in electronic cooling systems. The couplings 
are mounted on the back of a “black box” to al- 
low space for dials on the front of the unit. By 
pulling on the panel or the box, the union nut 
automatically releases and allows the coupling to 
come apart. 

In another panel-mounted arrangement, the bulk- 
head carries the load. This arrangement is also 
used primarily in low-pressure systems. Since the 























internal-pressure loads of the coupling are on the 
bulkheads, both halves can be panel mounted. This 
type of mechanism permits actuation of the coupling 
by pulling on the box. 


Special: A mechanically opened and closed tubu- 
lar valve and sleeve-poppet combination, Fig. 8, is 
available for applications in which the fluids have 
no lubricity, or have a tendency to leave deposits. 


Remote Disconnection 


Several methods are available for the remote dis- 
connection of self-sealing couplings. 


Interstage Actuated: The couplings are generally 
bulkhead mounted with the bulkheads carrying 
the load. When the bulkheads are separated, the 
coupling is disconnected. 


Puli-Away Actuated: With this arrangement, 
movement of the connecting hose more than 15 
deg from center disconnects the ball-locking device 
of the attaching hose half. 


Pneumatic or Squib Actuated: The coupling can 
be disconnected under pressure because the operat- 
ing forces can be aligned to exert the pressure nec- 
essary to actuate the union nut. 


Lanyard Actuated: To date, very little work has 
been done on this method of disconnecting push-pull 


type couplings. 


Table 1—Seal Capabilities 
~ ‘Pempe ¥ of ee Fluids 


Air, gasoline, mineral oil, water, 
JP-4, JP-5, MIL-L-7808 C, 
MIL-O-5606 

Steam, Pydraul, Skydrol 
Ammonia, hydrochloric acid, 
methyl alcohol, socium hydrox- 
ide, steam, water 

Salt water, Freon 12, Freon 22, 
MIL-L-7808 C 

Gases, hot air, high-aniline oil 
Acids, alkalies, gases, steam, 
Pydraul, Skydrol 

Air, exhaust gases, silicone oils, 
MIL-O-8200, MIL-O-8515, OS-45, 
MIL-L-7808C, DC 200, JP-4, JP-5 


65 to 275 


Butyl —T75 to 300 
Natural Rubber —40 to 200 


Neoprene. —65 to 325 


—85 to 550 
—100 to 500 


Silicones 
Teflon 


Viton —65 to 450 
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Materials 


Coupling bodies can be made of stainless steel, 
brass, aluminum, plastics, various bronze alloys, and 
titanium. The majority of couplings for aircraft use 
are made of aluminum to reduce the weight. 

Stainless steel couplings are generally used with 
hazardous fluids. Brass, plastic, bronze alloys, or 
titanium can be used if corrosion resistance is neces- 
sary. 


Seals 


Various seal materials are used, depending upon 
the fluid. Some of the more common materials are 
Buna N, neoprene, Butyl, Viton, silicone, Teflon, 
and natural rubber. Each of these materials can be 
modified to give the maximum operating life. Table 
1 shows seal temperature range and fluid compat- 


ibility. 
Flow Restriction 


Pressure drop depends upon the flow path through 
the coupling. Thus, each type of coupling has its 
unique restriction characteristics. Fig. 9 shows typical 
pressure-drop values for three types of couplings. 


Available Capacities 
Self-sealing couplings are available in sizes from 
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Fig. 9—Typical pres- 
sure-drop values for 
1/,-in. couplings. 











14 in. to 10-in, diameter. Additional sizes will prob- 
ably continue to become available in the future. 

In general, the maximum operating pressure for 
standard couplings is 3000 psi. However, this should 
not be considered the absolute maximum. In some 
designs, much lower limits are necessary to permit 
other desired characteristics. 


Conclusion 


New products, with their constantly changing de- 
signs, require that special self-sealing couplings for 
various fluids, pressures, and temperatures be de- 
veloped. For example, couplings are necessary for 
highly corrosive fluids, such as sodium hydroxide; 
highly inflammable fluids, such as tri-ethyl alumi- 
num; cooling fluids, such as DC fluid 200; and for 
high-pressure air. 

For jet aircraft, a special air-starter coupling is 
used. It supplies a large volume of high-pressure 
air to jet engines for starting. 

Industrial couplings are available for radioactive 
fluids and atmospheres; for use in salt-water condi- 
tions, such as on amphibious vehicles; or for tem- 
peratures to 1500 F. 

For many applications, standard couplings can be 
modified by changing seal materials, basic coupling 
materials, spring pressures, connecting mechanisms, 
mounting devices, finishes, and thread sizes. 
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Snow Rides Jet Air Stream 


Designers have found that snow in motion resembles a stiff liquid. The Snowblast 
plow is developed around a two-stage snow pump that leans heavily on hydrodynamic 
design principles. Many of the features are dictated by the fact that snowplows are 
called upon to handle snows with weight varying as much as 1000 per cent—from 5 lb 
per cu ft (fluff snow) to 45 Ib per cu ft (hard-packed slush). Shear strength runs from 
0 to 1000 lb per sq ft. 

To handle these variations smoothly and efficiently the plow is driven by a separate 
engine. Helical blades, rotating at 50 ft per sec, can be lowered hydraulically to apply 
pressure to the road surface for forced removal of traffic-compacted snow. The second- 
stage impeller pumps snow out of the discharge chute on a supporting stream of air 
at speeds up to 103 fps. The plow will operate in snows up to 7 ft deep and removes 
2200 tons of snow per hour. The separate vehicle engine and torque-converter trans- 
mission give Snowblast highway speeds from 14 mph for heavy plowing to 50 mph for 
travel between working sites. 


SNOW IS SWEPT toward 
the center and to the 
rear by the helical cut- 
ter blades. Funneling 
action drives the snow 
into the mouth of the 
second-stage impeller. 
Speed of the cutter in 
high gear is sufficient 
to let it cut snow while 
the plow is moving 
ahead at 30 mph. 


PUMP-LIKE DESIGN of second-stage impeller accelerates the snow smooth- 
ly without compaction. Cupped blades pump a 12-1 ratio of air with 
the snow, supporting the ejected snow on a stream of air which keeps it 
from falling out close to the plow. 90 per cent of the snow falls within 
10 ft of the chosen 85-ft or 110-ft distance from the plow. 





To Eliminate Fall-Out 


control lever 


controls 


chute 


Positioning piston 


SERVO CONTROLS for steering permit the operator cab to be mounted on the plow ahead 
of the discharge chute where visibility is better. Ajir-control lever operates air clutch, 
transmission, and throttle of the plow engine. A separate carrier engine aft balances the 
overhang of the front-end plow. Hydraulic pistons raise and lower the plow and direct 
the discharge chute. 


SNOWBLAST is a development of American Snowblast Corp., Denver, Colo. 
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ae MaxIMUM _ capacity-to-weight _rativ 
was the goal behind the series “60” 
pump design. Borrowing a page from 
e . + bridge engineering, the designers 
Truss Design Eliminates planned a truss framework that et- 


fectively eliminated bending moments 


Bending Moments in Pump Frame in the base and samson post. Prac- 


tically all loads are transmitted by 
members in tension or compression. 
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BENDING STRESSES at A are introduced 
by operating forces H; and Hg, in the 
conventional pump frame (lower). In the 
new truss frame (upper) these forces 
are completely supported by members 
in tension or compression. 


Well center line : 

* ceed 
VERSATILE counterweight is a shell with interchangeable insert 
weights to compensate for variations in length of shaft and load. 
Effective moment arm of counterweight can also be changed to con- 
form to change of stroke length. 


FOR SHIPMENT the series ''60'' knocks down into a compact pack- 
age. Pictured unit, called size 114, measures 16 ft 5 in. x 6 ft 
22 in. x 3 ft 82 in. Pump was developed by Bethlehem Steel 
HORSEHEAD folds under or Co., Tulsa, Oklahoma. 

hinges back over the beam. 

A ground-operated latch does 

the job. This safety device 

eliminates need for crew 

members to climb on the 

beam during well servicing. 


' 








Gate Control 
Detects ° Removes 
Foreign Particles 








Protection of powder mills from occasional nails or metal pieces mixed with 
incoming material is easily accomplished with a magnetic sensor. It operates 
a shunt gate to deflect the undesired particles out of the feed chute. 





FEEDING and breakup drums keep loose 
material from clogging chute. Coil wrapped 
around the chute changes induction char- 
acteristics when metal is in its field. This 
produces a pulse signal which momentarily 
closes a flap deflecting the metal particles 
out. 


Z Loose material Pulse former 


’ Generator Amplifier 











va 


ny 











Fe? Fs 


Metal particles Magnet 


Thyratron 


SIGNAL from the induction coil passes through EVEN NON-FERROUS foreign particles may be 
an amplifier and pulse former to give it the shunted out by choosing a higher frequency to 
right size and shape to trigger a thyratron. The increase the detector's sensitivity. Shunt con- 
thyratron closes the circuit of magnet operating trol was developed by Condux-Werk KC, Wolf- 
the shunt flap. gang bei Hanau, Germany. 
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Moving-Belt Still Spots Hot Contamination 


RapIoacTIvVE impurities in a flow of water are 
given a running check in a distilling system that 
‘ traps the offending impurities on a filter belt 
Heat and passes them before a scintillation counter. 
exchanger foe. Results are registered on a continuous-line re- 
_ Indicating corder. After a short time (measured by filter- 
instruments belt travel), a second reading is taken of re- 
maining longer-lived radioactivity. Design is by 
Frieseke & Hoepfuer GmbH, Erlangen-Bruck, 
Germany. 


AIR ATOMIZES water to be checked for 
contamination level. As the mixture 
passes through the U tube, water is va- 
porized by the hot air, and impurities 
pass out of solution. Impurities are then 
trapped by the filter belt; air and vapor 
pass through. 














FILTER BELT carries the radioactive im- 
purities past a scintillation counter con- 
sisting of two radiation-sensitive, lumi- 
nescent foils. Light generated by the 
radioactivity is converted by a multiplier & 


tube to an electric current which fluctu- ggreg regulator 
lectro 





ates with the level of radiation. 


magnetic 
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Packaged Hydrostatic Transmission 
Splits Power for Stepless Drive 


IpENTICAL wobble-plate axial-piston 
units—one acting as a motor, the 
other as a pump—are mounted fac- 
ing each other in a_ hydrostatic 
speed reducer. Ratio is changed by 
adjusting angles of the wobble 
plates, which are linked together 
through a servo cylinder. Input 
shaft rotates cylinder block of the 
pump; output is connected to wob- 
ble plates. 


Oil motor Oil pump 
oc - Y) No output 
(( / | l speed 
NET 8 iiaalinat ‘ 2 
ae 











My Reduced 
| | output speed 
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Input and 
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Hand-wheel servo control shown can be replaced by an electro- 
hydraulic servo system. Design is by Flender, Bocholt, Germany. 


With pump wobble plate normal to the axis of rota- 
tion, no motion is transmitted by the pump, either hy- 
draulically or mechanically. 


With both wobble plates inclined, a split power path is 
established: Reaction of each pumping piston tends to 
rotate the wobble plate; fluid pressure drives motor 
pistons against the wobble plate, tending to rotate that 
plate too. Sum of torques produces a net output torque. 


With motor wobble plate normal to the axis of rota- 
tion, motor-piston stroke is zero. Drive is entirely through 
the pump wobble plate, with the rest of the unit acting 
as a high-efficiency hydrostatic clutch. 





design im action 





DownecraDEs put severe strains on 
transmission and brakes of heavy 
e trucks. Holding a reasonable speed 
Fluid Systems for on hills may tax brakes designed 
for short-term, high-energy stops. 
e * Two recent retarder designs tackle 
Dynamic Braking this problem by dissipating energy 
in hydraulic work-to-heat con- 

verters. 


AIR-OVER-OIL system loads 
] the retarder unit. Energy ab- 
sorbed by heavy viscous oil 
is dissipated in heat exchanger. The 
three basic components (besides 


controls) are loading cylinder, re- 
tarder, and heat exchanger. 





LOADING CYLINDER doubles as a 
storage reservoir for the fluid when 
retarding action is not required. To 
actuate the cylinder, a control on 
the dashboard is set to the degree 
of retarding required. Air from the 
truck's pneumatic system pumps the 
fluid into the retarder. Energy ab- 
sorbed is changed to heat which is 
dissipated through a heat exchanger 
into the truck's radiator water. Re- 
tarder was developed by Thompson 
Products Michigan Division, Thomp- 
son Ramo Wooldridge Inc., Warren, 
Mich. 














sponds to position of 

pedal and blocks or ad- 
mits fluid from reservoir and 
heat exchanger according to 
operator braking demands. When 
no braking is needed, the valve 
is closed, allowing the absorp- 
tion unit to pump itself dry into 
the reservoir. As retarding is 
needed, the valve is opened, al- 
lowing fluid to enter the absorp- 
tion unit. This system was devel- 
oped by long Manufacturing 
Division, Borg-Warner Corp., 
Detroit. 


[ y) CONTROL VALVE re- 





FAIL-SAFE retarder uses no other 
vehicle systems for control. Self- 
contained hydraulic circuit oper- 
ates by throttling fluid through 
fluid valve controlled by hand 
or foot levers. 
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Fig. 1—Inverted slider-crank mech- 
anism. Continuous rotation of crank 
produces relatively large-amplitude 
oscillation of pinion. 


Design equations for 


GEORGE A. BUCCI 
Design Engineer 

Servo and Mechanics Dept. 
Raytheon Co. 

Wayland, Mass. 


N APPLICATIONS where large oscillatory 
motion is required, the inverted slider-crank 
mechanism is advantageous because of its com- 
pactness. However, proportioning the parts to 
obtain desired displacement characteristics is not 


Nomenclature 





C= b + R cos 9, for Equations 3, 4, 7 

b = Length of tangent from crank center to radius r, in. 

R = Crank radius, in. 

r = Radius of reference circle, in. 

r’ = Pitch radius of rack pinion, in. 

S=r + R sin 4, for Equations 3, 4, 7 

t = Instantaneous distance between axis of crank pin 
and point of tangency between the rack center 
line and reference radius r, in. 
Distance between pitch line and axis of rack, in. 
Angular displacement of crank (9 = 0 deg at point 
A of Fig. 2), deg 

= Angular displacement of pinion from its zero posi- 

ion, rad 
Displacement of normal to rack pitch line which 
passes through pinion center, rad (¢ = 0 when 
6 = 0 deg and @ = 180 deg) 


March 16, 1961 


easy. Graphical methods, requiring trial and error 
solutions, are often too tedious. An exact displace- 
ment equation can be written and programed for a 
digital computer to produce accurate results rapidly. 
But the exact equation cannot be solved easily any 
other way. This article presents an approximation 
which can be readily solved on a desk calculator. 


The Exact Equation: The inverted slider-crank 
mechanism, Fig. 1, is peculiar because the pitch 
line of the rack does not pass through ‘the axis of 
the crank pin. The rack’ is guided in a bushing 
which pivots about the axis of the pinion, and is 
driven by the crank through an adjusting turn- 
buckle. 

Fig. 2 shows the kinematic significance of offset x 
between the pitch line and the center line of the 
rack. The pinion reverses its direction of rotation 
when the pitch line of the rack is parallel to the 
theoretical line drawn through crank center O and 
tangent to a reference circle of radius r = r’ + x, 
where r’ is the pitch radius of the pinion. Thus, 
the two reversals of the pinion per revolution of 
the crank occur when the crank pin axis falls on 
this line. 





INVERTED SLIDER-CRANK MECHANISMS 





As Fig. 2 shows, motion of the pinion is derived 
from: 


1. Angular rotation of the pitch line of the rack around 
the pitch circumference of the pinion. 

2. Linear translation of the pitch line of the rack tangent 
to the pitch diameter of the pinion. 


Let t in Fig. 2 be the general expression for the 
distance between the crank-pin axis and the point 
of tangency of the rack center line with reference 
radius r. Then, at 0 0, t b+ R. 

In addition, as the crank rotates through @, the 
point of tangency between the pitch line of the 
rack and the pitch circle of the pinion shifts through 
angle ¢. Hence, angular motion of the pinion in 
radians is 

b+ 
p 


where 





t V(r+ Rsin 6)2 + (b+ Reos 6)? — r2 (2) 


and, with S and C introduced for compactness, 


SVS? + Gr — ro 
S82 + C2 
Substitution of Equations 2 and 3 in | yields 


1 
Vv S82 + C2 — 712) + 


oy ee 


(b+R 
me 


SyS2 + C2 —r2 


sin-! ( - — 
S2 + C2 


In terms of constants and crank radius R, Equa- 


tion 4 gives the relationship between angular dis- 
placement p of the pinion relative to angular dis- 
placement 6 of the crank. 


A Problem: Specifically, the author’s problem was 
as follows: Position of the pinion at a crank dis- 
placement of 6 = 180 deg had been established, 
and is shown in Fig. 3 as angle A relative to arbi- 
trary reference AA. From Equation 4, at 6 = 180 
deg, p = 2R/r’. Hence, the front-center position of 
the pinion (6 = 0 deg) can be defined by angle 
(2R/r’) — A. A further requirement was that at 
9 = 6, a given value, the pinion should be dis- 
placed through angle B. Therefore, a value of R 
was needed that could satisfy these two independent 
requirements. From Fig. 3, 


2R 
pas = oD (5) 


or by substituting @, for 6 in Equation 4, 
2R 


, 


: A + B = Right-hand side, Equation 4 (6) 
from which the unknown R could be evaluated. 
Moreover, 52 such solutions were required, each 
for a different value of A. 

If, with R known, Equation 4 is to be processed by 
a digital computer, the programing is straightfor- 
ward. However, if the equation is to be evaluated 
by means of a desk calculator, the inverse sine term 
presents the annoyance of interpolation in trigo- 
nometric tables. 


An Approximation: If the substitution, ¢ = sin ¢, 
could be justified, mathematical manipulations would 
be greatly simplified, and the expression for p would 


Fig. 3—Left—Schematic representation 
of inverted  slider-crank mechanism. 
Problem is to relate displacements of 
crank and pinion to proportions of the 
linkage. 

Fig. 3—Below—Conditions for a rep- 
resentative problem. 


Fig. 4—Right—Limits of angle ¢ for ex- 
treme values of distance b when crank 
and pinion radii are approximately equal. 
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Note at this point, however, that in many cases 
the pitch line of the rack is made to pass through 
the axis of the crank pin. For this condition, offset 
x of Fig. 2 is zero and Equations 4 and 7 can still 
be used because, for this situation, r’ = r. 

Algebraic solution of Equation 6, using Equation 
7 on the right-hand side, results in an expression 
in the sixth degree of R. It can be readily solved 
on a desk calculator by trial and error, a method 
to which the inverse sine term of Equation 4 does 
not graciously lend itself. 

Maximum values of ¢ occur in the mechanism 
at the points where the center line of the rack forms 
a common tangent to both the crank circle and 
reference radius r in the manner of an open and 
crossed belt, Fig. 4. For large values of ratio b/R 
(where R ~ r), dmaz is small and ¢ = sin ¢ is a 
valid assumption. For a small b/R ratio (R = r) 
¢maz becomes much larger and presents a condition 
which does not usually justify ¢ = sin ¢. Applica- 
tion of a large b/R ratio to a design is conservative 
kinematically but space consuming. Use of a small 
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Fig. 5—Effect of the assumption that ¢= sin ¢ 
on the value of p calculated from the appromi- 
mate expression, Equation 7, where 6 = 11 in., 
R = 2 in. and r = 1.834 in. 
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b/R ratio might be discouraged because of exces- 
sively high side pressures on the crank pin. 

A typical example of a reasonable compromise 
might be the case illustrated in Fig. 5. Here b = 11 
in., R = 2 in.,r = 1.834 in. Curve p is the graphical 
representation of the mathematical evaluation of 
Equation 7 for a complete revolution of the crank. 
Note, however, that from Equation 1, p consists of 
two terms. The second, ¢, is also plotted against @ in 
Fig. 5. Observe that although ¢ attains peak values 
at 0 = 100 deg and @ = 260 deg (at which points 
errors in the assumption, ¢ = sin ¢, are also the 
greatest) maximum error in p does not occur at 
these points because of the relatively small con- 
tribution to p by ¢. The curve of error in p shows 
that maximum error in the value of p calculated by 
Equation 7 occurs at approximately 60 deg. Hence, 
it is conceivable that mechanisms of the type of 
Fig. 1 can develop maximum values of ¢ much higher 
than those ordinarily considered the limit in the 
assumption ¢ = sin ¢ and still be analyzed accurate- 
ly by means of Equation 7. 

For the case depicted in Fig. 5, the most critical 
point in the cycle is at 9 = 59 deg. From Fig. 5, 
the error in p at this point is 0.09 per cent and 
p = 0.551 radians. Thus the maximum absolute 
error in p is in the order of 0.000496 radians. Assume 
that the pinion and rack in the instance cited were 
of 10 diametral pitch with maximum allowable back- 
lash of 0.005 in. Since the pitch radius of the 
pinion is 1.500 in., in angular units this backlash 
represents a lost motion to the pinion of 0.005/1.5= 
0.003333 radians. Hence, in the worst condition, 
the backlash inherent in this example will exceed 
by 90 per cent the error introduced by Equation 7. 
Therefore, use of the simplified equation is entirely 
justified. 


Conclusion: In practically every case, Equation 7 
can be used to investigate the displacement charac- 
teristic of an inverted slider-crank mechanism of 
the type illustrated in Fig. 1. In applications which 
demand extreme accuracy, and if R is unknown, 
Equation 7 could first be evaluated for the vital crank 
radius. Values of p could then be obtained by 
use of both Equations 4 and 7 and the results com- 
pared. Should appreciable deviation exist, proper 
compensation could be made to give the desired 
accuracy. In 52 investigations performed by the 
author is which 7 > b/R > 5 and 1.5 > R/r > 08, 
values of p obtained by means of both equations 
showed no significant differences. 
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Typical pressure-tight gray-iron casting: A 
refrigeration compressor body subjected to 
100 to 500 psi internal pressure. 


Design guides for 


Pressure-Tight 


Gray-Iron Castings 


CHARLES F. WALTON 


Technical Director 
Gray Iron Founders’ Society 
Cleveland, Ohio 


RE gray-iron castings too porous for pressure- 
tight applications? Not at all. Gray-iron 
castings perform successfully in applications 

requiring internal hydraulic pressures as high as 
20,000 psi. 

The ASTM and SAE grades, strengths, and com- 
positions of gray iron used particularly in pressure- 
tight castings, Table 1, are the same as those for 
other applications. The difference is that pressure 
castings require much closer control of the material 
composition and the casting operations. 

What makes gray iron pressure tight? As molten 
gray iron solidifies, graphite is precipitated out of 
solution. This carbon assumes its natural flake form 
and fills out the spaces between the grains of solidi- 
fying iron. This action prevents extensive solidifica- 
tion shrinkage. 

In addition to nonporosity, factors which con- 
tribute to the performance of pressure-tight castings 
include soundness, strength, machinability, and 
rigidity. 

Soundness: Another solidification phenomenon of 
gray iron adds soundness to the casting. Just be- 


fore becoming solid, gray iron is mushy, hence the 
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casting becomes uniform throughout. Gray iron, 
does not have a strong tendency, as do some metals, 
to freeze in layers from the outside inward. Solidifica- 
tion in layers tends to cause internal voids or porosity. 
Evidence of the moderate shrinkage of gray iron 
castings usually appears on surfaces as dimples or 
undersize fillets rather than hidden voids. This 
shrinkage behavior makes it relatively easy to achieve 
sound castings even in complex shapes, Fig. 1. 

For the soundness necessary to assure pressure 
tightness in a gray iron casting, wall thickness need 
not be absolutely uniform, but great differences in 
section thickness should be avoided. A ratio of 4 to 
1 between thicknesses of adjoining sections presents 
no casting problems. Ratios as high as 10 to 1 can be 
produced in one casting. With such high ratios, 
special or alloy irons are usually required to get 
the desired strength throughout the casting. 

Naturally, abrupt changes in section thickness in- 
herently weaken a casting and often create stress 
concentrations. Well-blended changes in section 
thickness are desirable. 

Although sections as thin as 14 in. may be cast in 
low-strength irons, minimum recommended. thick- 
nesses are greater for sections cast in high-strength 


MacHinE Desicn 





Typical pressure-tight gray-iron casting: 
Crosshead for a diesel engine with- 
stands 1200 F and 1100 psi. 


i 
AS 


Fig. 1—Spool valve, which carries hydraulic pres- 


sure up to 3000 psi, illustrates complexity reproduci- 
ble in pressure-tight castings. 


Table 1—Specifications of Gray Irons for Pressure-Tight Applications 





Min Tensile 
Use Class Strength 
(psi) 
20 20,000 





cone ay covered by other 
ications, castings in 
pes PB = important. 


speci- 
which 











35,000 





























Heavy-duty castings includ- 
ing blocks, heads, hydraulic 





High-pressure valve bodies, 
Pumps, chemical process 
equipment. 
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PRESSURE-TIGHT CASTINGS 


70 


ies Gray Iron 


Class 
50 (ASTM A48) 
60 
50 
40 


3 
20 


Tensile Strength (1000 psi) 








1.0 1S 
Woll Thickness (in.) 


Fig. 2—Effect of casting wall thickness (section 
size) on the strength of typical gray irons. 





Table 2—Minimum Wall Thickness 
For Pressure-Tight Castings 





Thickness Class Thickness 


(in. ) 





% 


% 
% 
% 











irons commonly used for extreme pressure and load, 
Table 2. 


Strength: Evidence of pressure-tightness and 
strength of gray-iron castings is their successful 
application in hydraulic pumps working at pressures 
of more than 10,000 psi and in hydraulic rams op- 
erating at 20,000 psi. 

Because the cooling rate of castings is influenced 
by section thickness, gray iron tensile strength is 
greater in thin sections than in thick sections, Fig. 2. 

When extremely high tensile strength must be 
combined with good machinability, designs might 
combine different types of gray iron. For example, 
a compressor body could be made of a high-tensile- 
strength iron and the bores could have inserted lin- 
ers of a softer iron which is easier to machine. 


Machinability: Machining the skin or surface of 
a gray-iron casting does not make it porous, nor does 
it reduce pressure tightness. However, the deeper 
the machining, the more likely that leakave can be 
caused in an otherwise sound casting. Thick sec- 
tions have large flakes of graphite. If a thick sec- 
tion were machined thin enough, leakage might oc- 
cur through graphite channels which extend through 
the machined section from one face to the other, 
Fig. 3. Leakage can be avoided by specification of 
minimum machining allowances for thin sections. 


Rigidity: Popular notions to the contrary, gray iron 
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Machined 
thickness 


Leakage 


channel 
= + Leakage 


channel 








-—=———— As-cast thickness —- 


Fig. 3—Excessive machining of casting can create 
a leakage path through graphite channels. 


does have elastic properties. Ribbing can be used to 
get maximum rigidity at lowest weight. Compressive 
strength of gray iron is roughly three times its tensile 
strength; consequently, ribs should be located on the 
compression side of castings. Stress concentrations 
can be prevented by avoiding abrupt terminations at 
surface intersections, Fillets should have long flow- 
ing lines which start at the reinforcement midline 
and blend smoothly into the sections to be rein- 
forced. 

In pressure-tight castings, no direct relationship ex- 
ists between operating and tensile strength of the 
iron. Rather, the prime consideration is the load 
placed on the walls of the casting. The reason for 
this is that large volumes of liquid under the same 
pressure as small volumes exert greater loads. Hence, 
no direct ratios can be applied. Doubling the wall 
thickness does not necessarily double the strength of 
castings because gray iron tends to weaken as sec- 
tion thickness increases. Also, there can be no direct 
ratio between load area and strength because the 
shape of the casting influences its strength. For ex- 
ample, a circular vessel with a wall thickness of 14 
in. may withstand 1000 psi, but a rectangular vessel 
with the same wall area and wall thickness might 
not withstand this pressure because additional 
stresses may be set up as the sides tend to bow 
outward. 

Of course, stress concentrations should be mini- 
mized. Examination of prototype castings can help 
to locate stress areas. With modern pattern equip- 
ment, modification of design is not difficult, Often, 
metal patterns can be made from plastic or plaster 
patterns which have been altered many times. 
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Photo, courtesy Kearney & Trecker Corp. 


Part 3— Materials, Mounting Details, Lubrication 


WOODROW D. NELSON, Chief Engineer 
Spiroid Div., Illinois Tool Works, Chicago, Ill. 


ESIGN of a Spiroid gear system involves three 
essential phases: 1. Determination of con- 
jugate teeth and gear blank proportions. 2. Se- 

lection of materials for strength and durability. 
3. Specification of assembly and manufacturing de- 
tails. 

The first two phases have been covered in Parts 
1 and 2.!:? This article focuses attention on the third 
phase, dealing with the key factors of bearing loads, 
mounting details, tolerances, material combinations, 
lubrication, and manufacturing processes. 


Resolution of Tooth Loads 


To find the loads on bearings resulting from 
tooth loads, the normal tooth load (a force vector) 
at the mean point is resolved into axial and radial 
components with respect to both pinion and gear 
axes. Co-ordinates of the mean point are x, and rm, 


Fig. 22. 


Pinion Driving: Assume that xm, rm, Ep, Eg, ma, ¢, 
C, and Tg (see Nomenclature) are known from 


1References are tabulated at end of article. 
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previous calculations (Part 2). Then, the total axial 
thrust which acts upon the pinion and is transferred 
directly to the pinion thrust bearing is 


0.995 Xm 
[ ms Epr. ] Te 
Wes = eee (48) 
+0.10 am tan ¢ + C — 0.10 Tm 

where the positive sign is used with ¢ = ¢2 (high- 
side driving) and the negative sign is used with 
¢@ = ¢1 (low-side driving). Sense of the thrust force 
on the pinion is opposite for the two drive sides, 
as in wormgearing. The thrust force also produces 
a thrust couple which becomes a component of the 
radial bearing reaction. 

Total radial force on pinion thread at mean point 
is 

Wp, = V82 + U2 (49) 





where 
S = Wp, tan¢g (50) 
T 
OF i diskicn emants (51) 
Tm Mg Ep 


This radial load on the pinion is transformed 
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Spiroid Gearing 





into radial reactions at the pinion bearings by con- 
ventional methods of beam analysis and varies ac- 
cording to whether the pinion is straddle mounted 
or supported as a cantilever. 

For the driven gear, the total thrust force upon 
the gear thrust bearing is 


Wez = 70.10 U + 0.995 8 (52) 
where the negative sign applies for high-side driv- 
ing and the positive sign for low-side driving. 

Total radial force on the gear tooth at the mean 
point is 





Wor = VWp.2 + (0.10 8 = 0.995 U)? (53) 


where the positive sign applies for high-side driving 
and the negative sign for low-side driving. Thrust 
force on the gear, unlike that for a pinion, acts in 
the same direction regardless of whether the low- 
side or the high-side is driving. 

A Spiroid gear set is left hand or right hand as 
the pinion is left hand or right hand. Similar to 
conventional screw threads, a left-hand pinion is 
one on which the threads twist counterclockwise as 
they recede from an observer looking along the 
axis from either end. This convention is illustrated 
in Fig. 23 which shows the directions of motions 
resulting from low and high-side driving. 





ean point, 
OS Pe AS | 





Fig. 23—Right and left- 
hand Spiroid gearing sys- 
tems. 


——> Low-side driving 
—t---— High-side driving 


Gear Driving: Gear-shaft torque now becomes the 
input torque. Under these conditions, pinion axial 
thrust is a function of gear input torque so that 


0.995 am E 
[2 ai m “G6 ] To 
w oe Meg Tm (54) 
Pe £0.10 &n tan ¢ + OC — 0.10 Tm 





where the positive and minus signs apply to high 
and low-side driving, respectively. 

Total radial force on pinion thread at the mean 
point is 


Wp, = V82 + U2 (55) 
where 

S = Wp, tan ¢ (56) 
Tg Eg 
me Tm 

With the gear driving, the total force on the gear 
thrust bearing is 

Wez = +0.10 U + 0.995 8 (58) 


(57) 


where the negative and positive signs apply to high 
and low-side driving, respectively. 

Total radial force on the gear tooth at the mean 
point is 





Wer = VWe,? + (0.10 8 + 0.995 U)2 (59) 


where the positive and negative signs apply to high 
and low-side driving, respectively. 


Example: Design of a 63:2 gear set to transmit 


3 hp at 1750 rpm pinion speed provides the follow- 
ing data (see Parts | and 2): C = 2.25 in, rm = 
0.623 in., xm = 1.861 in., mg = 31.5, Ep = 0.772, 
Teco = 3530 lb-in., and ¢; = 10 deg, which is the 
drive-side pressure angle. Based on these data, re- 
solve the resulting tooth load into radial and axial 
components at the mean point. 
From Equation 48 


[ 0.995 (1.861) ] 

= 30 
31.5 (0.772) (0.623) 

—0.10(1.861) (0.176) + 2.25 — 0.10(0.623) 








Wrz - 


= 1435 lb 


—=—=* High-side driving 
—t——_Low-side driving 
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From Equations 50, 51, and 49, respectively, 


S = 1435(0.176) = 253 lb 
3530 


0.623 (31.5) (0.772) 


We, = V 2532 + 2332 = 344 Ib 








This radial load, perpendicular to the pinion axis 
in the plane of the mean point, is used in calcu- 
lating radial reactions of the supporting bearings 
elsewhere along the pinion axis. 

From Equations 52 and 53, 


Wez = +0.10(233) + 0.995(253) = 275 1b 
We, = V 14352 + [0.10(253) — 0.995 (233) ]2 





1460 lb 


These are the thrust and radial loads that must 
be carried by bearings along the gear axis. If the 
pinion is driving on the high side, Equations 48 
to 53 are used in the same way but with ¢ = ¢2 
and signs modified accordingly. 


Mounting Details 


Straddle-mounted pinions and gears provide satis- 
factory rigidity in a small package, Fig. 24. Maximum 


Fig. 24—Typical straddle 
mountings of Spiroid pin- 
ion and gear. 
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rigidity of pinions is provided with the short straddle 
mounting, Fig. 25; however, there are definite limi- 
tations on the size of the inboard radial bearing 
that may be used. 

Pinions and gears may be rigidly cantilever mount- 


Nomenclature 





C = Center distance, or offset, in. 

d, = Pinion outside diameter, in. 

Eg = Efficiency with gear driving 

Ep = Efficiency with pinion driving 

F = Face width of pinion, in. 
Nr = Working depth perpendicular to pinion axis, in. 
me Gear ratio 
N/n 
Number of teeth on gear 
Number of threads on pinion 

Mean radius of pinion at midface and at half the 
working depth, in. 
Torque on gear shaft, lb-in. 
Torque on pinion shaft, lb-in. 

Radial component of tooth load on gear, Ib 
Axial component of tooth load on gear, lb 
Radial component of tooth load on pinion, Ib 
Axial component of tooth load on pinion, Ib 
Co-ordinate to plane of mean radius of pinion, in. 
Tooth axial pressure angle (low side), deg 
Tooth axial pressure angle (high side), deg 


N 
n 


Hund id win db une 


Tm 


To 
Tp 
War 
Waez 
Wp, 
We: 
Lm 
$1 
$2 


Hu dd ue ub ud ue ul 





High-production assembly 

. . . uses sintered iron gear 
(71 teeth, 1.5 in. outside 
diameter) and a single thread- 
milled pinion. These mass 
produced gears are hardened 
for strength and wear. (Photo, 
courtesy Supreme Products 
Corp.) 
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ed, Fig. 26, but more space is required for such 
arrangements. All three of these mounting designs 
show antifriction bearings; however, sleeve bearings 
with provision for thrust loads are also practical. 
Thrust forces from Spiroid gears, as illustrated by 
the previous example, are substantial. Hence, the 
bearings to support a Spiroid gear pair must main- 
tain the axial, as well as the radial, positions of 
both gear and pinion. As compared to antifriction 
bearings, power losses in plain thrust bearings can 
be appreciable. 

As pointed out in Part | of this series, conjugate 
properties of teeth and threads on a Spiroid gear 
set are quite insensitive to changes in axial position. 
For example, withdrawing a 6 in. OD gear of a 
pair by 0.020 in. gives excessive backlash but other- 
wise the tooth contact is unchanged. As a result, 
liberal tolerances in mounting distances and assembly 
are permissible. For the same reason, Spiroid gears 
readily adjust themselves to end play such as may 
be required to accommodate the use of collar-type 
thrust bearings or the axial play in certain anti- 
friction bearings. 


Backlash Adjustment: Axial positioning of the gear 
with respect to the pinion is one way to get backlash. 
(Other ways are mentioned in Part 1.) For a stand- 
ard pinion with taper r = 5 deg, an axial displace- 
ment of the gear of 0.001 in. toward the pinion re- 
duces the backlash approximately 0.001 in. 

Roughly, an axial displacement of the pinion of 
0.012 in. gives 0.001 in. change in backlash. Thus, 
displacement of the pinion may be desirable when 
fine adjustments in backlash are necessary. The 
gear may be shifted when large changes in backlash 
are desired. 

This backlash ratio varies approximately with 
tan 7. Hence, if r = 7 deg, the ratio becomes 8:1, 
approximately. 

Conventional shim sets are convenient in the 
control of backlash at assembly. Fig. 24 and 26 
indicate the customary locations of such sets. Total 
shim set thicknesses of 0.040 and 0.080 in. are repre- 
sentative for the gear and pinion, respectively. Some- 
times, it is more practical to grind a steel spacer 
to the thickness required. In certain severe-load appli- 
cations shims of less than 0.015 in. may extrude out 
under compression. 

Fig. 27 illustrates a threaded bearing cartridge 
which can be screwed in or out to change pinion 
mounting distance and control backlash. One ad- 
vantage of this design is that adjustment can be 
made after assembly or by maintenance people with- 
out dismantling. Another is that large adjustments, 
such as 1% in., are possible. After adjustment, the 
cartridge is locked in position by a screw which 
binds the cartridge threads. 

Springs and clips behind the gear to provide a 
moderate preload on the mesh are common in anti- 
backlash instrument gearing. 
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Tolerances 


Types of tolerances and their magnitudes are based 
largely upon service requirements and upon manu- 
facturing methods, which vary widely. In applica- 

















Fig. Alig roe: short straddle 
mounting of Spiroid pinion. 


Shim set for backlash odjustment 





























Fig. 26 — Typical cantilever 
mounting of Spiroid pinion. 


Molded nylon gear 

. and a chased brass pinion find applica- 
tion in light-duty drives for electronic tuners and 
positioning devices. They form a low cost gear 
pair and are spring loaded to give zero back- 
lash. Housing is extruded aluminum section. 
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tions where precision is paramount, Spiroid gears 
have been designed, manufactured, and assembled 
to the tolerances recognized as minimum or even 
not possible for other kinds of precision gearing. 
At the other extreme, Spiroid gears are used in 
applications where unusually liberal tolerances are 
good enough. 

Just how liberal the tolerances can be in general 
is not yet fully settled. Spiroid gears are still rela- 
tively new and more service data, particularly long- 
period performance data, are being gathered. Ac- 
cordingly, Table 2 presents suggested practical manu- 
facturing tolerances for general use. A manufactur- 
ing process like die casting may require modification 
of these values. For instance, dimensions across 
parting lines of die-cast gears have to be more liberal 
than the equivalent dimensions on machined blanks. 


Classes of Spiroid Gearing: While accuracy classes 
of Spiroid gears are still unsettled, the following 
are proposed as a guide: 


Crass A is precision quality gearing. It has precision 
ground pinions. Gears may be precision cut and some- 
times lapped. This class includes gears of aircraft qual- 
ity, but not of the high precision of some instrument or 
missile guidance system gearing. 

Crass B is high-grade commercial gearing. It is charac- 
terized by ground or accurately cut pinions and by ac- 
curately cut gears. 

Crass C is commercial quality gearing. Gears are mass- 


Table 2—Manvufacturing Tolerances 
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production cut, die-cast, sintered, or injection molded. 
Pinions may be cut, thread rolled, or even ground from 
solid. 


Inspection: An analytical inspection of a Spiroid 
gear set consists of checking to see that the hob 
and pinion closely match each other for lead and 
profile. In a functional check, the pinion and gear 
are then mounted in their correct relative operat- 
ing positions in a precision, right-angle skew-axis 
checking machine. Backlash variation, pinion end 
gear runout (see Table 2), and tooth bearing may 
all be checked in this setup. 


Materials 


Spiroid pinions predominantly are made of hard- 
ened steel except for very light loads where free 
machining brass and dead soft steel have been used. 
Carburizing grades of steel such as SAE 8620 and 
SAE 4620 and through hardening grades such as 
SAE 4150 and SAE 4140 will serve for nearly all 
designs. The carburizing grades may be carburized 
or cyanided to 60-62 Rc, as in combinations | and 
2, Table 3. 

For heavy-duty power transmission, gears should 
be carburized SAE 8620 or SAE 4620 steel forgings 
or screw stock, hardened to 60-62 Rc. 


For moderate loads or precision gears, bronzes have 
proved to be the best all-around choice. No other 
material is more likely to perform satisfactorily in 
places where marginal lubrication or corrosion may 
occur. Centrifugally cast nickel-tin bronze or nickel- 
aluminum bronze make the best general purpose 
red-metal gears, combination 3, Table 3. 

Spiroid gear materials for light duty or intermit- 
tent service can be sintered iron, die-cast aluminum, 
or injection molded nylon. Some practical combina- 
tions of materials and lubricants are listed in Table 3. 


Drawing Call-Outs: The legend on Fig. 1 of Part 1 
is typical of information placed on detail drawings 
of the specification type. Tables 1 (Part 2) and 3 
generally contain enough information to complete 
such drawings. 

On the other hand, the legend on production 
drawings must state the details of heat treatment 
either in code or spelled out. Thus, an expanded 
legend to replace that of Fig. 1 (Part 1) might be: 


Material and Heat Treatment 


SAE 8620 steel 

Normalize at 1700-1750 

Rapid cool in air to 1200, then slow cool to 600 
Gas carburize at 1650-1700 and direct quench in 
agitated oil 

Reheat to 1475-1525 

Quench in agitated oil and draw at 300-350 
Case hardness, 60-62 Re 

Case carbon content, 0.85-0.95 in first 0.003 in. 
Effective case depth, 0.020-0.030 in. finished 
(Depth to 50 Rc) 

Core hardness at base of tooth, 30 Rc 





Naturally, process details of this kind vary great- 
ly from one shop or factory to another. Necessary 
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design information must be based on company, 
processing, and shop standards. 


Lubrication 


Because of the many possible combinations of ma- 
terials in use for Spiroid gearing, no single lubricant 
is best for all situations, However, general recom- 
mendations presented here will cover the majority of 
design applications. 

General classes of lubricants are called out in 
Table 3 and several greases are identified as repre- 
sentative of specific grades and types. 


Oils: The extreme-pressure oils, containing addi- 
tives such as sulfur, chlorine, and phosphates, are 
commonly used in automotive, rear-axle hypoid 
drives. They are referred to as true EP oils. 

All organic lubricants change viscosity as tem- 
peratures change. Further, they break down at very 
high temperatures. Thus, oils for high-temperature 


Threaded adjustment 


Fig. 27—Threaded bear- 
ing cartridge for large 


applications are fortified against oxidation and de- 
terioration in an effort to extend their useful life. 
Since the “half-life” of lubricating oils occurs for 
approximately each 22 F rise above 180F, it is de- 
sirable to limit peak operating temperature. Maxi- 
mum sustained operating temperatures of 200 F are 
satisfactory; however, lower temperatures will in- 
crease the service life. 

In steel-on-steel power drives for heavy-duty low- 
speed or high-temperature service, use oil weight 
of 140 SUS at 210F, such as SAE 140 grade. 

In power drives for normal duty with pinion 
speeds up to 3000 rpm or low temperature service, 
use oil weight of 85 SUS at 210 F, such as SAE 90 
grade. 

For normal duty with input speeds over 3000 
rpm or low temperature service, use oil weight of 
60 SUS at 210F, such as SAE 80 grade (combina- 
tions | and 2, Table 3). 

Mild EP oils usually contain lead napthenate 
additives. They are suitable only for motion-trans- 
mission and light-duty Spiroid gears in either steel- 
on-steel or steel-on-bronze combinations, Most gear 
oil suppliers offer a fairly wide range of viscosities 
(50 to 160 SUS at 210 F) to meet varying require- 
ments of pinion speed and environment tempera- 
ture. 

Best performance is obtained when the oil level 
submerges the gear mesh. 


Grease: It is recommended that individual designs 
be tested for suitability with greases. The following 
guides, based on experience, may be helpful: 


1. Grease usually can be used with steel-on-bronze or 
steel-on-steel combinations where generated heat is 
not a problem and pinion speeds are under 100 rpm. 
This includes practically all hand-operated Spiroid 
drives. 

. Small, lightly loaded instrument gearing of any ma- 
terial combination usually can be grease lubricated. 


Table 3—Material and Lubricant Combinations 





axial adjustments of Spi- 
roid pinion. 


Gear Lubricant 





SAE 8620 or 4620 steel 
Carburize 
Harden, 60-62 Re 


SAE 8620 steel 
Cyanide case 
(90-91.5 R 15N scale) 


SAE 8620 or 4620 steel 


1. Steel on Steel 

SAE 8620 or 4620 Extreme-pressure oils of weight 
Carburize and grade to suit speed and 
Harden, 60-62 Re load 

2. Steel on Steel 

SAE 8620 steel Extreme-pressure oils of weight 
Cyanide case and grade to suit speed and 
(90-91.5 R 15N scale) load 

3. Steel on Bronze 


Centrifugal-cast nickel-tin For power drives, standard 


Carburize 

Harden, 60-62 Re 

(For thin teeth, under 0.050 in., 
use: SAE 4150 steel; Harden, 
56-58 Re; Ground threads) 


SAE 8620 leaded steel 
Cyanide case 
(90-91.5 R 15N scale) 
Rolled threads 


SAE 8620 leaded steel 

or 

SAE 1113 steel screw stock, 
dead soft 

Rolled thread 


Free machining brass 
60,000 psi ten str 


or 
SAE 8620 leaded steel 

or 

SAE 1113 steel screw stock 


bronze 

50,000 psi ten str 

90 Bhn 

or 

Nickel-aluminum bronze 
90,000 psi ten str 

190 Bhn 

4. Steel on Sintered Iron 
Sintered-iron teeth 
60,000 psi ten str 

6.4 gram/cc density 
Particle hardness, 60 Re 
5. Steel on Nylon ‘ 
Injection molded 

nylon teeth (Zytel 101) 
8000 psi ten str 


6. Steel or Brass on Aluminum 
SAE 308 die-cast aluminum 
(8 Si, 4 Cu) 


41,000 psi ten str 
26,000 psi yld str 
85 Bhn 


heavy-duty wormgear oils, such 
as Socony Mobiloil Super 600 W 
with min viscosity of 150 SUS 
at 210 F. 

For light loads, mild extreme- 
pressure oils of viscosities of 
50-160 SUS at 210 F. 


Extreme-pressure oils or greases 
(See combination 6 for specifi- 
cation.) 


Most gear oils, or Grease (See 
combination 6 for specification.) 


Greases: 1. K-55 nonfluid oi) 
(N. Y. & N. J. Lubricant Co.) 
2. Molybdenum disulphide. 3. 
Lubriplate. 4. Hodson EP 2048 
(Hodson Oil Co., Chicago) 





MacuHinE Desicn 





Dual gear drive 

. provides compact ar- 
rangement and can be used 
when reduction ratios are 
50:1 and greater. In this un- 
usual design, the pinion drives 
two gears keyed to a com- 
mon shaft. Design approxi- 
mately doubles allowable 
shock and durability rating 
and eliminates need of a 
thrust bearing for the gears. 
Gears float axially as an as- 
sembly and adjust themselves 
to share pinion driving torque. 


3. Brass pinions on aluminum gears and steel pinions 
on sintered-iron gears have been run successfully with 
grease lubrication. 


Action of Extreme-Pressure Oils: The mechanism 
of extreme-pressure action in gear mesh can be trig- 
gered by high loads and/or high speeds. Activity 
increases with contact-line temperature toward a 
chemical reaction which results in a film of iron 
sulfide or iron chloride, depending on the addi- 
tive. This compound forms a tenacious film of anti- 
weld properties on both members. There is actually 
a chemical reaction between the base metal of the 
gears (iron) and the EP additive. As a result of this 
reaction, there is a slight corrosion of the steel gear. 
If abrasion has taken place and the extreme-pressure 
film is broken, the film is quickly renewed when 
another contact line of sufficient temperature passes 
over the spot. 

During the run-in process, there are essentially two 
phenomena taking place. One is a surface condi- 
tioning process, in which some of the high spots 
of the minute surface asperities are contacted and 
rolled over to form a relatively smooth finish. The 
second phenomenon is the actual removal of metal 
from high spots due to a shearing or tearing action 
after pressure welding. The extreme pressure ad- 
ditive in oils tends to reduce or eliminate this latter 
condition. 

It has been found that the mild extreme-pressure 
oils do not give the effective protection against pres- 
sure welding that results from the use of true ex- 
treme-pressure oils on hardened, steel-on-steel Spi- 
roid gears. 


Manufacturing Processes 


Spiroid gears and pinions are made on standard 
spur-gear hobbing and thread-milling machines, 
slightly converted. The gear is manufactured by the 
“facsimile” hobbing process. That is, the cutting 
tool is a hob, which is an exact geometric replica 
of the pinion except that it is gashed and has re- 
lieved cutting edges as well as stock allowance for 
backlash and clearance. 

In the hobbing operation, the hob and the gear 
blank are positioned and rotated together at the 
relative speed of operation of the pinion and gear 
while the hob is fed sideways into the blank until 
the gear teeth are cut to full depth. This generating 
process is analogous to infeed hobbing of a worm- 
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gear except that the Spiroid hob is fed sideways into 
the gear blank. A Spiroid gear may be finish lapped 
but it is never ground. 

The pinion is the defining member of a Spiroid 
gear set. It can be made in several ways. A con- 
ventional worm-thread mill equipped with a taper- 
block attachment can be used to thread-mill tapered 
Spiroid pinions. In this process, an unsymmetrical, 
double-conical, thread-milling cutter is set at the 
thread angle and fed automatically along the taper 
in a timed relation with the rotating pinion blank. 
The locus of the thread-mill cutter in all of its rela- 
tive operating positions describes, approximately, a 
milled helicoidal surface of constant lead, of which 
only a tapered portion is used for the threads. Since 
the cutter has unsymmetrical pressure angles, it de- 
scribes helicoidal surfaces of different taper for each 
side of the pinion thread. 

Another way to thread a pinion is by thread- 
chasing. In this process a cutting tool, similar to a 
lathe-type screw-thread chasing tool, is placed so 
that its cutting edges lie in the axial plane of the 
pinion. The thread is then chased on a tapered 
blank. This process may be accomplished on either 
special automatic-cycling lathes or standard lathes 
that have properly geared cross slides. Pinions pro- 
duced in this manner are the simplest to define 
geometrically since they are of constant lead and 
have straight-side profiles in any axial plane. Tech- 
nically, they are tapered portions of screw helicoids. 

Thread grinding is usually a finishing process 
which approximately duplicates the thread-milling 
operation in principle except that a dressed, double- 
conical grinding wheel is used instead of a thread- 
mill cutter. Pinions finished by this process are 
generally convex in the axial plane and belong to 
the same mathematical family as the milled heli- 
coids. 

When a production run of gear sets is to be made, 
the first aim is to arrive at a suitable, fast produc- 
tion setup for producing finished pinions. Once a 
typical production-finished pinion exists, the manu- 
facture of the hob may begin. The hob is made 
to match the pinion lead and profile and thus be- 
comes a replica of the defining member. The hob 
is then used to cui the gears. 

While the pinion is the defining member, the 
gear is the conjugate form in the same way that a 
conventional cylindrical worm defines the conjugate 
wormgear. As with a wormgear, there are no prac- 
tical control measurements that can be made on 
Spiroid gear teeth other than indirectly by func- 
tional checking. 

In addition to these basic processes of machining 
Spiroid pinions and gears, pinions have been made 
by thread rolling, and gears have been made by 
sintering, die-casting, sand casting, and plastic in- 
jection molding. 


REFERENCES 
This article is the third and concluding part in a series 
by Woodrow D. Nelson on design and application of Spiroid 
gearing. Previous articles and issues of Macuine Desicn in 
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2. ‘‘Durability, Strength, and Efficiency’’ 
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March 2, 1961 


171 





Fig. 1—An optical wedge 
being used to measure 
the displacement of a 
vibrating body. 


The Optical Wedge 


N RECENT YEARS, the optical wedge has caught 
the fancy of engineers as a means of measuring 
vibratory displacement, Fig. 1. Among its ad- 

vantages are negligible cost, direct readability, and 
simplicity. However, this simplicity is deceiving. It 
does not insure foolproof performance under all con- 
ditions. 

The optical wedge is a pressure-sensitive sticker 
that can be fixed to a flat surface on an object under 
test. In addition to its use with vibration test equip- 
ment the wedge can be used, within limits, in a 
variety of applications where rectilinear motion must 
be measured. 

Is the wedge really a something-for-nothing won- 
der, or a toy usable only for demonstration purposes? 
The answer probably lies somewhere between the 
two extremes. 


Operation: The optical wedge is essentially an 
isosceles triangle whose base is parallel to the plane 
of the input vibratory motion. The length of the 
wedge is graduated as shown in Fig, 1. 

When the wedge is subjected to rectilinear vibra- 
tory motion, two triangles are generated, Fig. 1 
and 2. The base of either triangle bears the same 
relationship to its height as the base of the wedge 
bears to its height. 

Thus, the motion of the apex point, along the 
horizontal axis of the wedge is related by a constant 
to the double-amplitude displacement of the wedge. 


Limitations: Laboratory tests indicate that the ac- 
curacy of the displacement reading obtained from 
the wedge depends on many factors, including: 


. Magnitude of displacement being measured. 

. Frequency of vibration. 

. Accuracy of wedge dimensions and scale graduations. 

. Observer’s experience and eyesight. 

. Optical effects such as the penumbra-like area around 
the apexes of the white and black triangle. 

. Nonrectilinear motion. 

. Other possible psychophysical phenomena. 


a simple method for 
measuring vibration amplitudes 


JOHN E. JUDD 
Experimental Engineer 
MB Electronics 

New Haven, Conn. 


In laboratory experiments conducted by MB Elec- 
tronics, observed errors of 50 per cent were not un- 
common. However, results of this cursory survey 
indicated that errors of less than 5 to 10 per cent 
may be achieved if: 


1. The user is checked against a known standard. 

2. The vibratory frequency is over 30 cps. 

3. The vibration amplitude exceeds 0.1 in. Smaller 
amplitudes may be measured, but the degree of possible 
inaccuracy increases rapidly as the amplitude drops 
below this value. 


Optical wedges presently available are suitable for 
estimating only those vibration amplitudes which 
exceed 0.1 in. A similar device for smaller ampli- 
tudes is not yet available, although the search is 
continuing for a configuration suitable for measuring 
displacements of low magnitude. ‘Tests have indi- 
cated that sizable errors are possible in using such 
devices for small-displacement measurement. 


Apex 


Fig. 2—Triangles generated by vibration of 
the optical wedge. Dimension b is the dis- 
placement of the vibrating body. 
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Calculating Deflections in 


Variable-Section Beams 


LAWRENCE L. MARGOLIN 
Senior Structures Engineer 

North American Aviation Inc. 
Inglewood, Calif. 


Beam theory is the basic for finding deflections of 
shafts, brackets, cranks, and beams in terms of loads, 
dimensions of the parts, and stiffnesses of the materials 
of which the parts are made. The underlying mathe- 
matical relationship is expressed in simple and familiar 
form by 

d2y M 


da? El 
where M is the bending moment, J is the moment of 
inertia, and E is the stiffness of the material, common- 
ly called the modulus of elasticity. 

Mathematically, this relationship defines a curve, 
known as the elastic curve of the part or beam, which 
is the plot of deflection y versus location x along the 
neutral axis of the beam. Double integration of the 
elastic curve is the classical and direct way to evaluate 
deflections. Prior to integration, however, M and I 
must be expressed as functions of variable x. 

For standard beams, I is constant, but for built-up 
beams and machine parts, J is more likely to be 
variable and, consequently, not readily expressible as 
a function of x. Here, tabular values provide the re- 
lationship between I and x, enabling the design engi- 
neer to bypass the integrations. The tables apply to 
unit loading under four conditions: One concentrated 
load, uniformly distributed load, “triangular” loading, 
and loading by end couples. 


ALCULATIONS of slopes and deflections of 

a loaded beam require integration of the func- 

tion M/EI. This data sheet helps solve prob- 
lems where material is uniform but both M and I 
may vary along the length of the beam. The varia- 
tion of I can be more conveniently treated mathe- 
matically if expressed as a reciprocal, C = (1/I), 
which is a measure of compliance. 

Values of the reciprocals are plotted as ordinates 
in a C diagram, Fig. 1. Then, the area enveloped 
by a C diagram is separated into three zones: A rec- 
tangle having ordinate C,, a triangle having ordinate 
C; or C;’, and a curve of ordinate C,, which can 
usually be approximated by a sine function. This 
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permits expressing the C diagram as the sum of three 
simple mathematical functions. 

Unit diagrams are another expedient. They en- 
able the components, C,, C;, and C, to be expressed 
as nondimensional ratios. In Table 1 is a unit dia- 

















(6) Rectangle zone 





(c) Triangle zone 


Cc 
eS 
C, 


+1. >X 





(d) Reversed triangle zone 








(e) Sine curve zone 











Fig. 1—Zones and maximum ordinates of a C diagram. 
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Table 1—Simple Beam with Concentrated Load 





Linear, 104, (in.) Angular (radian) 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1096,, 103@p, 


0.1 27.0 46.4 57.9 62.7 61.4 55.5 44.7 31.6 16.3 28.5 16.5 
0.2 46.4 85.7 1091 198 1181 107.2 87.0 61.4 31.6 48.0 32.0 
0.3 579 1091 1475 1650 1641 1505 124.0 87.0 44.7 59.5 45.5 
0.4 627 1198 1650 1920 1980 1780 1505 107.2 55.5 64.0 56.0 
0.5 614 1181 1641 1980 2080 1980 1641 1181 61.4 62.5 62.5 
0.6 555 1072 1505 1780 1980 1920 1650 1198 62.7 56.0 64.0 
0.7 44.7 87.0 1240 1505 1641 165.0 147.5 1091 57.9 45.5 59.5 
08 31.6 61.4 870 1072 #41181 1198 109.1 85.7 46.4 32.0 48.0 
0.9 16.3 31.6 44.7 55.5 61.4 62.7 57.9 46.4 27.0 16.5 28.5 








1044, (in.) for C; on right 1036r+ 1036p 


xX’ 0.1 8.1 15.3 : 24.7 25.9 25.0 ; 15.4 8.1 8.1 8.3 
0.2 15.3 29.7 . 48.5 51.1 49.4 i 30.7 16.2 15.3 16.6 
0.3 20.9 41.1 A 70.0 74.1 72.0 i 45.0 23.6 20.9 24.4 
0.4 24.7 48.5 . 86.0 94.0 89.0 ° 57.8 30.5 24.7 31.0 
0.5 25.9 51.1 94.0 104.0 104.0 ; 35.5 25.9 36.6 
0.6 25.0 49.4 89.0 104.0 106.0 5. 38.0 25.0 39.3 
0.7 21.1 42.0 i 78.5 90.0 95.0 ; 68.0 37.0 21.1 38.6 
0.8 15.4 30.7 57.8 67.0 71.3 j 56.0 31.1 15.4 32.7 
0.9 8.1 16.2 ‘ 30.5 35.5 38.0 : 18.9 8.15 20.4 


Triangle 








Reversed Triangle Linear, 10* 4,’ (in.) for C:’ on left Angular (radian) 
x” 0.1 0.2 . 0.4 0.5 0.6 ; . 0.9 10°6r2’ 1080p’ 


x’ 0.1 18.9 31.1 37.0 38.0 35.5 30.5 8.1 20.4 8.1 
0.2 31.1 56.0 68.0 yA 67.0 57.8 i 15.4 32.7 15.4 
0.3 37.0 68.0 88.5 95.0 90.0 78.5 . 21.1 38.6 21.1 
0.4 38.0 71.3 95.0 106.0 104.0 §9.0 5 9. 25.0 39.3 25.0 
0.5 35.5 7.0 90.0 104.0 104.0 94.0 i é 29.9 36.6 25.9 
0.6 30.5 57.8 78.5 89.0 94.0 86.0 ’ ) 24.7 31.0 24.7 
0.7 23.6 45.0 62.0 72.0 74.1 70.0 “ r 20.9 24.4 20.9 
0.8 16.2 30.7 42.0 49.4 51.1 48.5 - 9, 15.3 16.6 15.3 
0.9 8.1 15.4 21.1 25.0 25.9 24.7 z 8.1 8.3 8.1 





Sine Curve 104A, (in.) 103655 1036p, 


x’ 0.1 18.4 34.3 45.5 51.0 52.1 47.0 , 18.4 12.9 
0.2 34.3 65.2 88.2 100.0 100.4 90.7 . 34.3 25.4 
0.3 45.5 88.2 120.0 137.5 141.0 128.0 f } 45.5 36.8 
0.4 51.0 100.0 137.5 166.0 172.0 158.0 R 51.0 47.0 
0.5 52.1 100.4 141.0 172.0 182.0 172.0 92.1 52.1 
0.6 47.9 90.7 128.0 158.0 172.0 166.0 47.0 91.0 
0.7 36.8 73.5 104.0 128.0 141.0 137.5 . ; 36.8 45.5 
0.8 25.4 51.4 73.5 90.7 100.4 100.0 : : ; 25.4 34.3 
0.9 12.9 25.4 36.8 47.0 52.1 51.0 12.9 18.4 


“O1 02 £03 0.4 0.5 06 











Unit Diagram 





L=1 Working Equations 


3 


(C,A, + OA, — C,A,) (1) 


es 6, = — (C, Or, + Cy Ort — Cy Org) (2) 














Similarly for 6p 





Macuine Desicn 





VARIABLE-SECTION BEAMS 





Table 2—Beam with Couples at Left Endt 
Four Shapes Linear, 108 A; (in.) ‘Angular (radian) 
a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 Ori Ori 


Cy 28.5 48.0 59.5 64.0 ; 56.0 45.5 32.0 16.5 0.333 0.167 
Ct 8.1 15.3 20.9 24.7 4 25.0 21.1 15.4 8.15 . 0.083 
Ci’ 20.4 32.7 38.6 39.3 . 31.0 24.4 16.6 8.35 ; 0.083 
Cs 18.4 34.3 45.5 51.0 ; 47.0 36.8 25.4 12.9 ‘ 0.123 











tReorientation of the tabular values is necessary to apply with the term to the left of the equals sign denoted by 6, 
them to couples at the right end. A simple way to do this is instead of @,. A third way is to prepare another table ex- 
to think of unit couple M, as replacing M, at the left end of pressiy for a beam with couples at the right end and from 
the unit diagram and then to select angular values according which tabular values can be read directly. This is achieved 
to C, in the usual manner. This way is illustrated in Table 8 readily by rearrangement of the values already in Table 2. 
for Example 5. Another way is to use Working Equation 4 


Unit Diagram : : 
Working Equations 


E=1 





M,L2 
4= = (C,A, + Ord, —O,4,) (3) 





M,L 
+ (Cnr + C1012 — CrOr0) (4) 





Similarly for @z2 





Table 3—Simple Beam with Uniformly Distributed Load 


Linear, 10*4; (in.) Angular (radian) 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 Ori Ri 


41.0 77.0 106.0 122.0 130.0 122.0 106.0 77.0 41.0 0.0413 0.0413 
16.5 32.4 46.8 57.9 65.0 64.1 59.2 44.6 24.5 0.0165 0.0248 
24.5 44.6 59.2 64.1 65.0 57.9 46.8 32.4 16.5 0.0248 0.0165 
32.5 63.3 87.5 105.0 111.4 105.0 87.5 63.3 32.5 0.0325 0.0325 











Unit Diagram 2 
Working Equations 





I wl 
A= E (C,A, + C,A; — C,A4,) (5) 








w Ls 
6, = E (C,OLr + Cr Out ne C, Or) (6) 


Similarly for @2 














Table 4—Simple Beam with Linear Variation of Distributed Load (Triangular Load) 
Four Shapes Linear, 10*A; (in.) Angular (radian) 
0.1 0.2 0.4 0.5 0.6 0.7 0.8 0.9 Ori Ori 


36.2 51. 60.0 65.0 62.0 55.0 40.8 21.0 0.0195 0.0221 
16.3 ' 29.6 33.6 34.3 31.2 24.1 13.3 0.0083 0.0137 
19.9 é 30.4 31.4 27.7 23.8 16.7 7.7 0.0112 0.0077 
30.5 i 51.8 55.7 53.2 44.9 32.8 16.9 0.0156 0.0169 











Unit Diagram 


Working Equations 
rs = sig! 
| | rw 


w 
A= E (C,4, - C,A, et C,4,) (7) 





wrLi 
6, = aS ge (C,6r, + C; | C, Or) (8) 





Similarly for 6p 
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gram in which a concentrated unit load P of 1 Ib 
acts on a beam of unit length. 

Tables 1, 2, 3, and 4 list deflections for unit dis- 
tribution of C,, C;, and C, under various types of 
unit loading. Any total deflection A of a beam con- 
sists of the algebraic sum of three, two-term products 
multiplied by a proportionality factor. This factor 
depends upon beam dimensions, material, and load- 
ing. It serves to amplify the ratios into definite 
magnitudes pertinent to a particular beam of speci- 
fied length and loading. Working equations and a 
unit diagram below each set of tabular values iden- 
tify the components, as well as indicate the math- 
ematical operation in applying them to get deflec- 
tions. 


Outline of the Method: Examples illustrate the de- 
tails of finding deflections. General steps in the ap- 
plication of the method are 


1. Plot the C diagram for the given beam or machine 
part, Fig. 2b. Five points—the two ends, 0.2L, 0.5L, 
and 0.8L—give sufficient accuracy for most problems. 
The accuracy attainable from this method depends 


Nomenclature 





I 


Reciprocal of moment of inertia, in.~* 
Ordinate of the rectangular zone of a C diagram 
Maximum ordinate of sine function zone of a 
C diagram 
Maximum ordinate of triangle zone of C diagram 
Diameter, in. 
Modulus of elasticity, psi 
Moment of inertia, in.* 
Length of beam or machine part, in. 
Bending moment, in.-lb 
Bending moment at left end, in.-Ib 
Bending moment at right end, in.-lb 
Concentrated load, lb 
Constant load per unit of length, Ib per in. 
Variable distance along axis, in. 
Ratio of position of concentrated load along 
beam and length of beam 
= Ratio of position at which deflection is sought 
and length of beam 
Angular slope of arched beam 
Angular deflection of beam or slope, radian 
Angular deflection of beam at left (right) end, 
radian 
Left-end (right-end) rotational deflection factors 
from table for unit C; under unit load. 
= Left-end (right-end) rotational deflection factors 
from table for unit C, under unit load. 
Left-end (right-end) rotational deflection factors 
from table for unit Ct under unit load. 
Left-end (right-end) rotational deflection factors 
from table for unit Ce’ under unit load. 
A = Total linear deflection, in. 
A, = Deflection factor from table for unit C; under 
unit load 
A, = Deflection factor from table for unit C, under 
unit load 
= Deflection factor from table for unit C:(C;’) 
under unit load. 


Wo 


91, OR 
Gtr, OR = 
91s, ORs 
Prt, Ore = 


Ort’, Ore’ = 


rebhr 





upon the accuracy of plotting the C diagram and also 
upon the closeness with which the combination of 
zone diagrams approximate the plot. The half-sine 
area, for example, provides good fit when the sections 
vary gradually as well as continuously. For more 
abrupt, yet continuous, variation in C values, some 
other curve may yield a better fit. How the tabular 
values are established is explained in the next section. 


. Separate the C diagram into zones as indicated in 
Fig. 1. 


. Modify the C diagram for good fit of the sine curve 
and the C plot, if necessary. Often the accuracy re- 
quirements of a problem do not warrant refinements 
in calculations; Cr, C1, and C, can be used directly. 
How modifications are made is discussed later in con- 
junction with examples. 


. Designate load position ratio, X’, and deflection posi- 
tion ratio X”. Enter with these ratios in the ap- 
propriate table, or tables, to get deflection components, 
A,, 4t, and A,, corresponding to unit distributions 
Cr, Ct, and Cs, respectively. If the loading consists 
of two concentrated loads, or more, each load is treated 
separately and the total deflection obtained by super- 
position. If two types act simultaneously, such as a 


P=250 Ib 


‘Aenean aie? 








ahr 


fm Spee 


oe 





(a) Given beam and load 








Lex 





50 80 


(b)GivenC curve 


K=0.167 


K+0.5= 0.667 


— 


100 











0 80 
0.884 | 
———= =}, ooo TS =1. 
0.533 Ls 1.7; 16521.7 check 
(c) Modified C diagram 
Fig. 2—Method of modifying a C diagram. 
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concentrated load and a uniformly distributed load, 
again each is treated separately, different tables are 
used to suit the basic types, and the total deflection 
is found by superposition. 


. Determine the three partial products of the formCA, 
add them together, and multiply the sum by the pro- 
portionality factor as called for by a working equation. 
As shown in Fig. 1, Cs is usually negative so that the 
partial products C, 4, are subtractive in the working 
equations. 


Tabular Values and Their Calculation: The “re- 
versed triangle” section of Table 1 contains the same 
magnitudes as the C; section. The magnitudes are 
rearranged so that the defining ordinate of the tri- 
angle, C,’, is on the left, Fig. 1d, instead of the right, 
Fig. lc. 

The C;,’ magnitudes are convenient when the C 
diagram slopes downward to the right instead of up- 
ward as in Fig. la. They merely replace the C; 
magnitudes in calculations. 

A more important advantage of the C,’ magni- 
tudes is realized when end moments make up the 
loading, Table 2, and when triangle loading occurs, 
Table 4. These tables contain fewer entries than 
Table 1 simply because the types of loading 
admit less variety than concentrated loads. Prepara- 
tion of a set of values for a table is a mathematical 
chore—tedious perhaps but not difficult. The initial 
step is a choice of curve, such as a sine curve, or a 
triangle, to define a zone of the C diagram. Next, a 
type of loading is selected. 


To illustrate the procedure, consider the steps in 
































verifying the deflection factor A at X” = 0.5 for the 
unit sine curve distribution, C,, under uniform load- 
ing. The conjugate beam* method is applied to the 
unit diagram in Table 3, resulting in the steps of 
analysis in Fig. 3. 

In the conjugate beam method, the conjugate 
beam, Fig. 3e, is subjected to a distributed load such 
that the intensity of the load at any section is pro- 
portional to the ordinate of the MC/E diagram of the 
given beam at that section. The given beam and the 
conjugate beam are made equal in length; hence, 
the deflection of the given beam at any section is 
equivalent to the calculated bending moment of the 
conjugate beam. 


Reactions R, and Rp of the conjugate beam, 
Fig. 3e, are found by statics. From them and load- 
ing MC/E, the shear and bending moment diagrams 
of the conjugate beam can be constructed. The shear 
diagram gives the plot of beam slope with span posi- 
tion and the moment diagram gives the vertical de- 
flection with span position. 


In integral form, the reactions for the conjugate 
beam are expressed by 


1 
R, = Be=—— { ——ée 
L R 2 J, # 


and the deflection at midspan (which is the bending 
moment of the conjugate beam) by 


% MC 
a =05Re— f — (0.5 —2)dz 
—— 


*F. B. Seely—Resistance of Materials, John Wiley & Sons Inc., 
New York, First Edition 1925, Third Edition 1947. 








eee 2 eee 
R,=05 








(a/Assigned unit loading (b)Assigned unit C = sin mx 


Fig. 3—Solving deflec- 
tion factors for a unit 
diagram by the conjugate 
beam method. 








(c) Unit M=0.5x-0.5x" (a) “E =(0.5x-0.5x") sine 





Pe SE ye (e) Me as loading diagram of 





Rp =0.0325 
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A numerical integration can be employed to get the 
values of Table 3. If increments of dx (or Ax) are 
taken at intervals of one-tenth span, the numerical 
values become sums of the form 

1 MC 
Bat Re eng dang 

Tables 1, 2, 3, and 4 were calculated by analytic 
integrations, then checked with closely spaced nu- 
merical integrations. While the differences in values 
obtained from the two methods were small, generally 
within 4 per cent, a few differed by as much as 7 
per cent. 

Within this degree of reliability, therefore, the 
convenience of numerical integration can be used 
to construct additional reference tables. (The exam- 
ples that follow were solved with tables prepared 
by numerical integration; hence, some of the nu- 
merical values vary slightly from those in the refer- 
ence tables published now. ) 

A useful constant that applies to Fig. 2c and 3c 
is 1.70, which is the ratio of the C value at x = 
0.5 to that at x = 0.2 for the sine function. This 
constant is used frequently in verifying the fit of 
the sine curve to the plotted C curve. 


Exampte 1, Beam or Unirorm Section: A 3-in., 5.7-Ib 
steel I-beam, 38 in. between supports carries a concentrated 
load of 750 Ib, 13 in. from the right support. Find the 
deflection 15 in. from the left support. 

Since the section is constant, only C; applies; Cy = 1/] = 
1/2.5 = 0.400. The load position ratio X’ = 25/38 = 0.658, 
the deflection position ratio X” = 0.395, and 4, = 161.2 X 
10-*, by linear interpolation in Table 1. When the known 
quantities are put into Equation 1, 


3 


A= (0.400) (161.2) 10-4 = 0.0085 in. 

ExamMPLe 2, BEAM oF VaryinG SEcTION: Fig. 2b is a typi- 
cal C diagram of a simple beam with a concentrated load, 
P. If this beam is aluminum alloy with E = 10 X 106 
psi, find the deflection in the plane 40 in. from the left 
support. 


Table 5—Given and Calculated Values for 
Example 4 





C = sec a/I 


0 0 1.0 10.0 
0.142 8.2 1.01 0.092 11.0 
0.356 20.8 1.06 13.4 
0.570 35.0 1.22 18.8 
0.710 45.0 1.41 25.6 


sin @x/r a,deg seca I 








Table 6—Given and Calculated Values 
for Example 5 





2 Se 6. 7. 8. a en gn 
LD @ hk ht FT C=1/I C—0.63 y/L 1.87y/L (9)—(7) 


1.87 1.0 
1.10 0.8 


1.870 0 

1.496 0.396 

0.47 0.5 0.935 0.465 

0.14 0.2 0.374 0.234 
0 0 0 


The Cs component is not an exact sine curve because 
the offsets of 0.5 and 0.4 are unequal. These inequalities 
are balanced by adding a small area as indicated by the 
crosshatching, Fig. 2c. 

This area is added at the end with the larger C. In some 
examples, the area must be subtracted. Adjustment of the 
sine curve to fit the C curve as closely as possible is a re- 
finement, which may or may not be regarded as worth the 
effort. The error introduced by altering the C diagram is 
also small since the modification extends over only a fraction 
of the span. 

To balance the sine curve the ordinates at x = 0.2L 
and 0.8L are used. By proportion 


0.2K +'0.5 = 0.8K + 0.4 


Therefore, K = 0.167 and the numerical values of the ordi- 
nates as stated on Fig. 2c are obtained. The C, = 0.700 
is unmodified but Ce = 0.667 and C, = 0.884 after modi- 
fication. 

The load position ratio is X’ = 0.700; the deflection posi- 
tion ratio is X’’ = 0.400. From these values and Table 1, 
A, = 150.0 X 10-4, 4; = 81.0 X 104, and A, = 131.0 X 
10-*. Thus, 


C,A, + Cra; — C,A, = (0.700 X 150.0 + 
0.667 X 81.0 — 0.884 X 131.0)10-4 = 43.0 x 10-4 


When these values are put into Equation 1, 


3 


A= (43.0 X 10-4) 


_ 250 X 106 


If the original ordinates of the triangle and sine curve, 
that is, Ce = 0.50 and C, = 0.80, are used in Equation | 
rather than the modified values, 4 = 0.102 in. Whether 
the difference between the 0.102 without modification and 
the 0.107 with it warrants the extra effort to make the cal- 
culations depends on circumstances of the problem. 


ExaMPLe 3, Taperep Suart: A steel shaft has the dimen- 
sions, concentrated load, and supports indicated by Fig. 4a. 
Find the deflections at midspan and in the plane 12 in. 
from the left support. 

Because of the symmetry of shaft and loading, there is 
no triangle component; only half the C curve need be plotted, 


Fig. 4b. By proportion and the use of sine curve constant, 
1.70, 


C, — 0.05 
—_——— = 1.70 
C, — 0.202 
to give C; = 0.42. Thus, C, = 0.42 — 0.05 = 0.37. Dashed 
lines, Fig. 4b, define the rectangle and sine curve components 
of half the C diagram. The proportionality factor in Fqua- 
tion 1 is 
PL __ 7500(40)8 a 
E 30 X 106 





From Table 1 with X” = 0.5 and X’ = 0.5, A, = 207.0 X 
10-4, and 4, = 184.0 X 10-4. When these values are put 
into Equation 1, 


A = 16[0.42(207.0) 10-4 — 0.37(184.0)10-4] 
= 0.030 
Similarly, with X’ = 0.5 and X” = 0.3, the deflection at 
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P=7500 Ib 





Fig. 4—Tapered shaft of 
Example 3. 


























L= ws 
(a) Dimensions and loads 

















Plotted C diagram 











Fdeccaioen : (d) Unit C, diagram 
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(b) Half of Cdiagram (c) Plot to find C, oe lever of Exam- 
ple 
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12 in. from the left end is A = 0.024 in. 

Obviously, the fitted curve and the C diagram fail to 
match by a sizable area at the ends of the shaft, Fig. 4b. 
Although this method is less sensitive to mismatch at the 
ends than elsewhere, one may reasonably ask: How big is 
the error in this example? 

Crosshatching indicates the excess area, Fig. 4b. An ad- 
vantage of the triangle zone is its adaptability in approxi- 
mating such areas. In Fig. 4c, the excess is replotted and 
then approximated by the dash-line triangle, which fixes 
ordinate Ce = 0.94. The position along the beam is 6/40 = 
0.15, to correspond to unit diagram Fig. 4d. These magnitudes 
provide a cozrection to the foregoing unmodified values of (c) Effective C diagram 
0.0038, say 0.004. Thus, deflections of 0.034 in. at midspan 
and 0.028 in. at 12-in. from the left support represent the 
results of calculations with modifications. 

Application of the unit C, diagram illustrated by 
Fig. 4d is general whenever the correction of large 
errors at the ends seems necessary. Other conditions 
that may help to indicate when to consider this 
type of correction are beams and machine parts with 
loads near the reactions and with end-couple loads. 











{ 4,-0016 
pesca 








Exampte 4, DeFLecrions IN Curvep Lever: An arc-shaped 
control lever has the dimensions and loads defined by Fig. 
5, Table 5, and I = 0.10 — 0.01 a, where I is the moment R, 2100 
of inertia of a section perpendicular to the arc. If the lever /p) Projected (a) Curved lever and (d) Beam bent 
is aluminum alloy with E = 10 X 10, find the magnitude beam loads under loads 
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Table 7—Example 5 End Rotations from Loads 





Component 
Magnitude 491i Ori 


Symbol 


Products 
Ci Oxi Ci Ori 


From Table | 





Load Pi = 500 Ib at X’ = 0.30 





C; 
C,’ 
C, 


0.0286 
0.0345 
— 0.0124 


0.0455 0.0375 
0.0215 0.0605 
0.0375 0.0146 


0.630 0.0595 
1.60 0.0377 
—0.330 0.0445 





Fquation 2 


Sum 0.0834 0.0507 


A = PL? = 500(45)? = 10 
E6@, = A (0.0834) = 83,400 
Eé@rz = A (0.0507) = 50,700 





Load P2 = 500 lb at X’ = 0.50 





C, 
Cr’ 
C; 


0.0625 
0.0261 


0.0395 
0.0575 
0.0510 —0.0168 


0.630 0.0625 
1.60 0.0360 
—0.330 0.0510 





Equation 2 
E@z, = 80,200 


C7187 

| ¢,=1.60 
(modified) 

C.=0.63 

oe eee Te 


0.27 Ref- 
an 


i 
C,*1.60 


(modified) 


G-0.664 | 
(modified) 
nc es 


C, #0.630 - 


Sum 0.0802 
E@p = 64,400 














0.2 jet] Ss 
rie 
h’ [10107 
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(o)Given beam and loads 


Base before modification 








(b) C diagram with rotational 
modifications to equalize 
offsets 











110 


i 








9 225 


(c) C diagram with translational modification 


Fig. 6—Redundant beam of Example 
5 with two concentrated loads. 


of the deflection of pivot H if pivots G and J are regarded 
as beam supports. 

The arc-beam is projected into a straight beam, Fig. 5b. 
The effective C diagram is defined by C = sec @/I. It 
is plotted in Fig. 5c to fit the five-position values of Table 5. 

Unmodified, C: = 25.66 — 10 = 15.6. Relative to the 
unmodified triangle, departures 2 and 3.6 at the 0.2L and 
0.8L positions along the C-curve are found; K is computed 
from 2 — 0.2K = 3.6 — 0.8K, which is subtractive for this 
problem; and the modified ordinates recorded on Fig. 5c 
are found. 

To get values from Table 1, Fig. 5b is thought of as a 
simple beam for which the deflection of midspan pivot G 
is calculated. From Table 1 with X’ = 0.5 and X” = 0.5, 
A, = 207 X 104%, A; = 104 X 10%, and 4, = 184 X 
10°*. Upon substituting these quantities into Equation 1, 
4 = 0.0058 in. Fig. 5d illustrates this calculated deflection 
of pivot G as an ordinate of a simple beam. Now, let the 
beam rotate counterclockwise about J until the 0.0058 in. 
deflection at G is nullified. The resulting displacement of 
pivot H is 0.0116 in. This magnitude represents the de- 
flection of pivot H in the lever relative to pivots G and ] 
as a consequence of the specified loading. 

This type of analysis can be used to find deflec- 
tions in cantilever beams. 


Application to Redundant Beams: Beams that are 
fixed at both ends, beams that are supported at more 
than two points, and cantilever beams fixed at one 
end with a support at the other comprise a class 
known as statically indeterminate beams. They are 
so classified because the methods of statics alone 
are inadequate in resolving the reactions into forces 
and couples. The methods of statics supply only 
two equations involving the equilibrium of the re- 
actions. Statically indeterminate beams have more 
than two reactions to be determined. Elastic action 
provides the additional equations needed. 

Those in excess of two are regarded as redundant. 
For example, a beam fixed at both ends has two 
supporting forces and two end couples or moments, 
the couples being the redundants. The deflections 
of such a beam are much less than those of an 
equivalent simple beam under the same loading. 
In general, an equation for a redundant beam is 
obtained by establishing the conditions that make 
either an end rotation zero or some intermediate 
A deflection is restrained to be zero. When couples 
exist at both ends, they supply two equations in 
two unknowns, which can be solved simultaneously. 

Machine parts are redundant in untold numbers— 
shafts with more than two supports, castings of vary- 
ing sections between fixed flanges. Often the reac- 
tions on redundant members are rarely calculated 
because of the complexity of carrying out the cal- 
culations. The tables here should reduce both the 
complexity and the drudgery of finding reactions. 
An example sets forth the application of the tables. 


Examp.e 5, BEAM Fixep at Boru Enns: Consider a tapered 
I-beam carrying two concentrated loads, Fig. 6a. Find the 
end couples Mr and Mx. 

C Diagram: Column 6 of Table 6 lists the calculated points 
of the C diagram, Fig. 6b. Columns 8, 9, and 10 contain 
the calculations to obtain the ordinates of the sine curve 
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Table 8—Unit End Rotations for Example 5 





Mt, Left End, Table 2 Components 


Li ORi Products Symbol Magnitude 


Mg, Right End, Table 2 
OL Ori Products 





0.333 0.167 0.209 0.105 0.630 

0.250 0.083 0400 0.133 F 1.60 

0.191 0.123 —0.062 —0.040 — 0.330 
0.547 (0.198 


A=MiL=1X4=4 


E61, = A(0.547) = 24.5 
E@z = A(0.198) = 8.87 


Influence 
coefficients 


0.333 0.167 0.209 0.105 
0.083 0.083 0.133 0.133 
0.191 0.123 0.062 0.040 

0.280 0.198 


E6, = A(0.280) = 12.6 
E@z = A(0.198) = 8.87 





Nore: In columns Mp, and M,, duplicate entries 
of C, and C, and their products are made to 
orient the reciprocal nature of the values of C,’ 
and C, as taken from Table 2. Specifically, C, 


of the unmodified diagram. Modification factor K is found 
from 0.396 — 0.8K = 0.234 — 0.2K, a relationship established 
by proportionate distances between the sides of a triangle. 

Ordinates of the sine-curve area, after modification, are 
indicated on Fig. 6b. To check the fit of the curve, 0.330/ 
0.180 = 1.83 which is sufficiently near 1.70 to mean a good 
fit. Thus, the C diagram ordinates carried forward in the 
solution of the problem are C; = 0.63, C;’ = 1.60 and 
C, = 0.330. 

End Rotations Due to Loads: Each load is treated separate- 
ly. For load P1, the position ratio is X’ = 13.5/45 = 0.3. 
This ratio is entered into Table | to find the values listed 
in the second and third columns of the top half of Table 7. 
From them, the other tabular values pertinent to load P1 
are calculated, after which Equation 2 is used to find E@ 
magnitudes. 

Position ratio for load P2 is X’ = 22.5/45 = 0.5. When 
this X’ is handled in the same manner as that for load 
P;, the magnitudes listed in the bottom half of Table 7 
are obtained. 

End Rotations Due to Unit Values: Table 2 applies when 
end couples have unit values of one lb-in. at the left end. 
It is used to find the rotational deflection factors, zi and 
9pi, recorded in Table 8. The associated products are formed 
and Equation 4 is solved for E@ values. 

The resultant left-end rotational deflection is zero. 
for clockwise rotation positive, 


Thus, 


—24.5 M; — 8.87 Mr + 83,400 + 80,200 = 0 
Likewise, the resultant right-end rotational deflection is 
zero so that 
8.87 M;, + 12.6 Mp — 50,700 — 64,400 = 0 


When these equations are solved simultaneously, Me = 
5900 Ib-in. and Mz = 4600 Ib-in. 


Are Modifications Worthwhile? Much might be 
said for and against the extra accuracy realized 
from modifications. If 0.004 in 0.024 is judged signifi- 
cant, as illustrated by Example 3, then corrections 
should be calculated. If order of magnitude only 
is significant, calculations are simpler and quicker 
without the modifications. 


Example 3 is representative of problems where the 
C values increase sharply at the ends. The C, values 
(left and right) reflect these increases. When ap- 
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applies to M, and C,’ applies to M,,. Furthermore, 
two influence coefficients, one from each pair, are 
always equal. In this problem, they are E9,—8.87. 
(See footnote to Table 2.) 


plied, as in Fig. 4d, corrections to A, 0x, and Oz are 
readily obtained. 

Perhaps it should be emphasized that the corres- 
ponding working equations are functions of total 
static reactions R; and Rez as well as end moments. 
Thus, for combined loadings on a beam, the total 
resulting R, and Re are applied in the correction 
equation only once. For redundant problems, the 
correction has to be applied once for each redundant. 
Furthermore, all influence coefficients are affected 
by a C, correction. Fig. 6c illustrates a modification 
to C, to provide a better fit of the sine curve than 
that given in Fig. 6b. 

The relationship used to find correction n is 


0.330 + 


———————- = 1.70 
0.180 + n 


to give n = 0.034. In this problem n is small and 
relatively unimportant, but that is not always so. 
Practice with the method and qualitative judg- 
ment soon enable one to predict the need of modi- 
fications and corrections for specific design problems. 


They say... 


Today’s manager must direct the activities of men 
working at widely separated points and for differ- 
ent companies—yet success depends upon the ability 
to work out differences as they arise between various 
members of the team. Group research should more 
properly be called co-operative research. The prob- 
lem of the manager is to obtain group success in a 
field where the individual and his contribution are 
paramount. The art of clearly expressing instruc- 
tions—of giving unmistakable directions, and the 
ability to report back the understanding of an in- 
struction must be developed. One has only to glance 
through an instruction manual for a complex piece 
of equipment to understand the need for improved 
communications.—O. S. Caruiss, Director of Engi- 
neering, Materials Handling Div., Yale and Towne 
Mfg. Co., Philadelphia, Pa. 


181 





T° DEVELOP specific and fac- 
tual data on the properties of 
base materials for low-temperature 
service, a program of laboratory 
testing at temperatures down to 
—196 C has been conducted on a 
number of metals and alloys. Re- 
sults are available for four classes 
of wrought materials: 1. Copper and 
copper alloys. 2. Nickel alloys. 3. 
Austenitic stainless steels. 4. Low- 
carbon nickel steels. 
The program consisted of U. S. 
Navy tear tests, plain and Tipper- 
notched tensile tests, and Charpy 





T "v 
KUNIFER 20 


SUPERSTON 40 


S10 CONT 50.59 CoN 
HKUNIFER 5 ——— 





COPPER = 
BRASS 
80:20 Cu-Ni 


MAX. LOAD TO FRACTURE, TONS 





KUNIFER 20 
I i 
KUNIFER 5 


REDUCTION IN PLATE THICKNESS, FER CENT 


SUPERSTON 40 


A. 4 i 


al 
“g 











—150 - 100 -50 
TEST TEMPERATURE,° C 


(a) Copper and copper alloys. 


Properties of 


Metals at Low Temperatures 


V-notched impact tests. Materials 
were plates 1% to 3 in. thick. 


Copper and Copper Alloys: These 
included samples of arsenical copper; 
60:40 brass; cupro-nickel of 90:10, 
80:20, and 70:30 compositions; Kun- 
ifer 5 (a 5 per cent nickel alloy 
containing iron and manganese); 
Kunifer 20 (a 20 per cent nickel 
alloy with iron and manganese); 


R. E. LISMER 
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Lloyd's Register of Shipping 
Crawley, Sussex, England 
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(b) Austenitic stainless steels. 


and Superston 40 (a manganese- 
aluminum bronze). 

The results of the test program 
with these alloys are shown in Fig. 
la, 2, and 4. With the exception 
of the 80:20 cupro-nickel and Super- 
ston 40, the maximum load required 
to fracture the tear-test specimens 
increased a little with decrease of 
temperature, and the ductility 
slightly decreased. With the further 
exception of brass, the ductilities re- 
mained very high at -—196 C. 
Superston 40 and 80:20 cupro-nickel 
showed a slight decrease in maxi- 
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(c) Nickel steels. 


Fig. 1—Reduction in plate thickness and maximum load-to-fracture, according to US Navy tear tests. 
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FULL LINE OF MINIATURE SNAP-ACTION SWITCHES 


cHEcKED =~Ziyw CONTROL SWITCH DIVISION 





SPECIFICATIONS 





Amps @ 28 VDC 
or 120 VAC Approx. 


Weight 
Model No. Resist Induc. Circuitry Lbs. 
B7001 4 S.P.N.O. .005 
B7021 S.P.N.O. .010 
T2106 2 Cir. .010 
T2108 2 Cir. .016 
T2150 D.P.D.T. .010 
T2151 D.P.D.T. .016 
T3103 S.P.D.T. .009 
T3106 S.P.D.T. .013 
T4203 $.P.D.T. .004 
T4205 —_ S.P.D.T. .013 
T-3 é. 2.5 S.P.D.T. 1.6 Grams 
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NOTE: All models above (except T-3) are available with maintained or 
momentary action. Self-sealing boot available for any bushing mounted 
model, as shown on T2150. All models available with flange or bushing 
type mounting. Basic switch Model T-3 is available with a wide variety 
of standard and special actuators. 


These miniature pushbutton and toggle switches 
are typical examples of our complete line of min- 
iaturized switches. Whatever your requirements 
for miniature hand-operated or mechanically-op- 
erated switches, we can meet your needs from our 
hundreds of standard and custom units. We offer 
an almost unlimited range of variations in con- 
figuration, actuation, ratings, operating charac- 
teristics, etc. 


SEYSIMSG UOol}oY- 


For more technical information on switches and 
indicator lights, write for FREE CATALOG No. 100. 


CONTROLS COMPANY OF AMERICA 
CONTROL SWITCH DIVISION 


1426 Delmar Drive *« Folcroft, Pennsylvania 
TELEPHONE LUdiow 3-2100 + TWX SHRN-H-502 





Manufacturers of a full line of switches, controls and indicators for 
all military and commercial applications. All standard units stocked 


You can virtually custom- 
for immediate delivery by leading electronic parts Distributors. 


design your own switch by 
using a basic switch case 


combined with any of the 
thousands of different ac- bec yg ont ot sygugee — Circle 490 on Page 19 

; ained, 2-pole, '4”- pole, spring-loade 
tustor styles, sizes and bushing. Fits E4-series plunger, 15/32” bush- 
characteristics. Here are — wwitches. ing. Fits S-series 


just two examples. switches. 
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mum load with decrease in temper- 
ature, but there was marked decrease 
in ductility, particularly in the case 
of Superston 40. 

With the exception of the 80:20 
cupro-nickel and Superston 40, 
values for the energy required to 
initiate and propagate fracture in- 
creased markedly with decrease of 
temperature. No changes in the 
nature of the fracture were observed. 

Increase in severity of notch in the 
copper, brass, and Superston 40 ma- 
terials produced only a slight de- 
crease of maximum load and en- 
ergies to initiate and propagate frac- 
ture. 

The results of plain tensile tests 
showed a marked increase of strength 
with decrease of testing temperature 
for all the copper alloys. With the 
exception of Superston 40, changes in 
ductility at fracture involved an in- 
crease in the percentage elongation 
and a decrease in the percentage 
reduction of area. In general, the 
results of the notched tensile tests 
were in agreement with the re- 
sults of the plain tensile tests. 

The results of Charpy V-notched 
impact tests are: 


1. Copper, 70:30 cupro-nickel, and 
Kunifer 5, having impact energies 
100 ft-lb at ambient temperature, 
generally showed increases with de- 
crease in temperature to —196 C. 

2. 90:10 cupro-nickel and Kunifer 20, 
having impact energies between 60 
and 70 ft-lb at ambient temperature, 
showed slight increases to optimum 
values at —150 C. 

. Brass, 80:20 cupro-nickel, and Super- 
ston 40, having impact energies be- 
tween 30 and 45 ft-lb at ambient 
temperature, showed uniform, or de- 
crease in, values with decrease of 
temperature to —196 C. 


Nickel Alloys: Navy tear tests only 
were made on two wrought nickel 
alloys, Monel and Inconel. At room 
temperature, the values for maxi- 
mum load are similar for both al- 
loys, although Monel shows con- 
siderably higher total energy. Sepa- 
rate energies to initiate and pro- 
pagate fracture, and the ductility of 
Monel, are considerably higher. 
With decrease of testing tempera- 
ture: 


1. Increase of the maximum load was 
progressive and slightly greater for 
Monel than for Inconel. 


. Increase of the total energy to frac- 
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Fig. 2—Effect of temperature on tensile 
strength of copper and copper alloys. 
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Fig. 3—Effect of temperature on tensile 
strength and reduction and elongation of 
area of austenitic stainless steels. 


ture was marked, particularly for 
Monel. 

. Ductility slightly decreased, although 
at —196 C. Inconel showed a pro- 
nounced increase compared with that 
at ~19 C. 

. Between —150 and —196 C, the 
fracture of Inconel changed from the 
single oblique shear characteristics to 
a fracture normal to the plate sur- 
face. Monel showed no change in 
the appearance of fracture down to 
—196 C. 
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Fig. 4—Effect of temperature of Tipper- 
notch tensile strength of copper and cop- 
per alloys. 
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Fig. 5—Effect of temperature of Tipper- 
notch tensile strength and reduction and 
elongation of austenitic stainless steels. 

Austenitic Stainless Steels: Test 
results are shown in Fig. 1b, 3, 5, 
and 6. In the tear test, the maximum 
load-to-fracture increased with de- 
crease of temperature, but with an 
optimum value at —150 C in the 
case of 18:8 plate. Increased sharp- 
ness of the root of the notch pro- 
duced a marked reduction of the 
maximum load values, particularly 
at the lower temperatures of test. 
At the high values of maximum load 
obtained with these steels, the rate 
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Morse has an : py? answer to every 
industrial drive problem under the sun 


Basic Drives, Speed Reducers, Couplings, Clutches—only Morse makes all four and only Morse 
stocks all four. For example, if your industrial drive problem involves basic drives such as roller 
chain, silent chain, and Hy-Vo® Drives, or “Timing’”® belts, friction clutches, and couplings, 


too, look to Morse for the answer. You’ll get impartial engineering help and immediate delivery. 


As for quality, Morse products speak for themselves: Morse timing chain is original equipment 
in over 76% of American cars. So whatever your industrial drive problem, see your Morse man. 
He’s in the Yellow Pages. Or write: Morse Chain Co., Dept. 6-31, Ithaca, N.Y. Export Sales: 


Borg-Warner International, Chicago 3, Ill. In Canada: Morse Chain of Canada, Ltd., Simcoe, Ont. 


a BOR G-+-WARN ER Ta wawyUuUSe TRY 
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There’s an 
R/M 

friction part 
in every make 
automatic 
transmission 


... because only 
Raybestos-Manhattan 
makes all types of 
friction materials! 
For example: 


Sintered metal plates 
Semi-metallic plates 
Cellulose plates 

Woven band lining 
Molded band lining 
Semi-metallic band lining 
Cellulose band lining 
Plastic friction dampeners 


What does this mean to you? It is 
your assurance of an unbiased rec- 
ommendation of the material best 
for your application. 

In addition, you can count on 
R/M for uniformly high quality; re- 
liability of supply; prompt and ex- 
tensive engineering, research and 
development assistance ; competitive 
prices. 

An R/M sales engineer can be at 
your desk within 24 hours if you 
will call or write. Meanwhile, why 
not send for our free bulletin of 
helpful engineering information on 
friction materials. 


RAYBESTOS-MANHATTAN, INC. 
EQUIPMENT SALES DIVISION: Bridgeport, Conn. 
Chicago 31+Cleveland 16«Detroit 2eLos Angeles 58 
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of propagation of fracture was very 
high and the energy to propagate 
the fractures was not measurable. 
Ductility decreased with decrease 
of temperature, but at any partic- 
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Fig. 6—Effect of temperature on Charpy 
V-notch impact strength of austenitic 
stainless steels. 


ular temperature the severity of the 
notch had no appreciable influence 
on the ductility. The presence of 
molybdenum improved the ductility 
of the steel. The appearance of 
the tear-test fractures of 18:8 plate 
at temperatures below zero was 
similar. 

At ambient temperature, the frac- 
tures of the 18:8:3 plate were of the 
double-cup shear type, while at sub- 
zero temperatures, the fractures were 
flat and contained continuous fis- 
sures. 

Although the maximum stresses 
were the same value at room tem- 
perature, at all sub-zero tempera- 
tures the molybdenum-bearing steel 
was 10 to 15 tons per sq in. lower 
in strength. Below —100 C, the 
tensile strength of both alloys in- 
creased in value. 


Nickel Steels: Of the more com- 
mon alloying elements, nickel has 
been shown to be outstanding for 
lowering the ductile-to-brittle transi- 
tion temperature range of ferritic 
steels. Three ranges of nickel steels 
with low carbon content have been 
tested. Their qualities are covered 
by the ASTM specification A300. 
The data obtained for the 9 per cent 
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SERIES 
and companion 
‘*Master-test"’ 
group for extreme 
services requiring 
the ultimate in ac- 
curacy and stamina. 


Cally 


SERIES 
also for tough serv- 
ices, but less se- 
vere than the condi- 
tions served by the 
“Mastergauge” 


for the general run 
of gauge services. 
Marsh quality and 
accuracy at a mod- 
erate price. 


for every 


need 


Within these three comprehensive Marsh 
groups you have the world’s widest (yes, 
and wisest) selection of pressure gauges. 
These groups of gauges are not grades 
... they are kinds...the MARSH kind... 


which means that each gauge, within the | 


scope of its rated use, is the BEST of its 
kind! 

Pick the right Marsh Gauge and you have 
the best answer to your gauge problem. 


rt ah for latest data 


MARSH INSTRUMENT COMPANY 
Division of Colorado Oil and Gas Corporation * 
Dept. B, Skokie, lil., Marsh Instrument & Valve Co. 
(Canada) Lid., 8407 103rd St., Edmonton, Al- 
berta * Houston Branch Plant, 1121 Rothwell St., 
Sect. 15, Houston, Texas * Eastern Seaboard 
Warehouse: Marsh Instrument Company, 1209 
Anderson Ave., Fort Lee, N.J. 


MARSH 


GAUGES - THERMOMETERS 
VALVES 
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nickel steel are representative of the 
properties of the steel in an ideally 
heat - treated condition. Metallo- 
graphic examination showed the 
tempering temperature to be some- 
what critical. 

The results of tear tests, lc, on 
214, per cent nickel steel revealed 
a slight increase of maximum load 
with decrease of temperature down 
to —75 C, but with almost complete 
lack of ductility at —50 C. 

Results of Charpy V-notched im- 
pact tests may be summarized: 


1. 214 per cent nickel steel: A decrease 
from 111 ft-lb at 0 C to 36 ft-lb at 
—75 C, with 50 per cent crystallinity 
of the fracture at about —40 C. 

. 3% per cent nickel steel: A decrease 
from 190 ft-lb at 0 C to 10 ft-lb at 


—120 C, with 50 per cent crystal- | 


linity of the fracture at —75 C. 


.9 per cent nickel steel: A gradual | 
decrease from 132 ft-lb at 0 C to | 
60 ft-lb at —196 C, with only 40 | 


per cent crystallinity at the latter 
temperature. 


| Paper No. 2043, “The Properties of 
| Some Metals and Alloys at Low Tempera- 
| tures,” Journal of the Institute of Metals, | 


Vol. 89, 1960-61, pp. 145 to 161. 
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Engine Vibration Analysis 
E. J. Emkjer, Convair 


The use of fixed, narrow bandwidth | 
techniques to isolate vibration sourc- | 
| es in jet engines. 
The method of eliminating the | 
high frequency oscillator and details | 
| of the circuitry employed are shown | 
| in block diagrams and simple sche- 
| matics. 
Synchronizing the vibration ana- | 
| lyzer to provide accurate tracking is 
| accomplished by an electro-optical 
| method which generates sine waves 


with less than 1 per cent total dis- 


| tortion. 


IRE Paper No. 4, “Modern Engine Vi- 
bration Analysis,’ presented in Session 
3D, IRE Winter Convention on Military 
Electronics, Los Angeles, Feb., 1961. 


Semi-Invariant Method of 
Statistical Design 


O. L. Draper, General Electric Co. 


| A method of design, using semi-in- 


variants, that will allow the designer 
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A Morse answer 


as i 


WEN, 
“Begs 


Morfliex 
couplings 


...-when the problem involves 
vibration and misalignment 


Isolate vibration 

Cushion shock 

Absorb misalignment 
Torsionally flexible 
Impervious to water, dirt, oil 
Arrest electrolysis 
Distributor-stocked 


Got a coupling problem? Call your Morse 
distributor. He’s listed in the Yellow Pages. 


a BORG WARNER InNnOUSTRY 


Morse Chain Co., Dept. 6-31, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, Ill. 
In Canada : Morse Chain of Canada, Ltd., Simcoe. Ont. 
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Photo courtesy Littleford Bros. Co. 


Series 3600 »« Model HBZRV-2A 


SPEC. 2422 


circulate oil 
uniformly through heating 
area of hot oil heater 


Model OH 14 hot oil heater, manufactured by Littleford Bros. 
Co., produces 450°F hot oil for use in operations such as pre- 
stressed and ready-mixed concrete, and asphalt plant work. This 
Positive displacement Roper Series 3600 pump moves 50 gpm 
of heat transfer oil smoothly and positively, circulating the oil 
thoroughly in heating area to eliminate cold or hot spots where 
deterioration of oil could occur. The relief valve of the pump 
protects against excessive oil pressure. The dependable, pulsation- 
free flow provided by the Roper pump has proved to provide the 
kind of performance manufacturers of original equipment want. 
Roper’s service to the OEM field includes a custom design depart- 
ment equipped to design and build special pump equipment to 
match the changing needs of manufacturers. 


-Engineered for Years-Of-Service Operation 


@ TWO MOVING PARTS— equal sized, helical gears run in axial hydraulic balance 
for efficient operation. @ STEEL SHAFTS—induction-hardened at all bearing and pack- 
ing surfaces... pump can be supplied with upper or lower drive shaft. © BEARINGS— 
full support for pumping gears comes from four high-lead bronze or chrome-iron bear- 
ings. @ RELIEF VALVE — built into face plate, prevents pressure build-up, permits 
stoppage of flow without halting pump... adjustable over 20-100 psi range. 
For information about your specific pump needs 
contact your nearest Roper dealer 


Send for “How to Solve Pumping Problems” booklet 


tO) od =i a 


since 1857 
COMMERCE, GEORGIA 
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to determine the probability of a cir- 
cuit being useful at the end of a 
given time. From the definition of 
semi-invariants, their value in solv- 
ing summation problems is shown. 
Then, the relationship between semi- 
invariants and the moments about 
the mean, commonly called the cen- 
tral moments, is developed. 

Semi-invariants are used to obtain 
the frequency function of a design 
equation for a much-used digital cir- 
cuit, the inverter. Advantages of this 
method are ease of application and 
low cost. 

IRE Paper No. 2, “Semi-Invariant Meth- 
od of Statistical Design,” presented in Ses- 


sion 1D, IRE Winter Convention on Mili- 
tary Electronics, Los Angeles, Feb., 1961. 


Magnetic Digital Data 

Storage Devices 

E. U. Cohler, M. I. Crystal, H. A. 

Ullman, Data Systems Operations, Syl- 

vania Electronics Systems Div., Gen- 

eral Telephone & Electronics Inc. 
Performance characteristics of digital 
data storage devices and methods 
for adopting them to military en- 
vironments, For mass memories or 
data-retrieva] files, solutions such as 
magnetic tape, discs, and drums 
have storage capabilities up to bil- 
lions of bits and low cost per 
stored bits. The favorable char- 
acteristics carry with them liabilities 
of slow random access and sensitivity 
to a variety of environmental con- 
ditions. Methods to simplify and 
minimize maintenance and improve 
reliability in extreme environments 
have ranged from simple repack- 
aging to complete redesign. New 
design philosophies for military re- 
quirements are proposed. 

IRE Paper No. 1, “Magnetic Digital 
Data Storage Devices and Their Applica- 
tion to Military Systems,” presented in 


Session 1C, IRE Winter Convention on 
a Electronics, Los Angeles, Feb., 


Worth Concept 

In System Planning 

R. Shuster and D. Blattner, Radio 

Corp. of America 
Evaluation and selection of complex 
systems facilitated by isolating the 
factors used in judging relative 
“worth.” Worth is defined in terms 
of a mathematical model which re- 
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Tin-lined copper tube re- 
cently developed combines tin’s 
corrosion resistance and malle- 
ability with the strength and duc- 
tility of copper. Pure molten tin 
is gas-propelled through the tub- 
ing to form a continuous, fusion- 
bonded tin lining that will not 
chip, crack or peel, and can be 


Photo courtesy Phelps Dodge 


bent, flared, flattened or soldered. 
Tin provides immunity to cor- 
rosive sulfur conditions found in 
some natural gas and petroleum 
products; affords excellent resist- 
ance to flaking action that can 
plug lines and orifices and create 
hazards with gas appliances. The 
tin lining also prevents contami- 
nation of fluids in process lines 
of food, beverages, pharmaceu- 
tical and water distilling equip- 
ment and for sampling lines to 
laboratory or control instruments, 
according to its producers, Phelps 
Dodge Copper Products Corp. 


Acid pickling of steel be- 
fore hot tinning produces maxi- 
mum bond strength of bearing 
metal to steel. Shot blasting prep- 
aration lowers bond strength, 
possibly because of distortion, 
folding and flowing during pre- 
cleaning. 


FREE Brochure 


16 interesting 
pages of informa- 
tion about the 
latest uses of tin 
in U.S. industry. 
Write today for 
your copy. 


The Malayan Tin Bureau 
Dept. S-29C, 2000 K St., N.W., Washington 6, D.C. 
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lates all the measurable parameters 
that apply to the system under anal- 
ysis. Methods are discussed for nu- 
merical determination of these pa- 
rameters in terms of normalized per- 
formance coefficients. As a practical 
illustrative problem, techniques that 
have been developed are demon- 
strated by a parametric study leading 
to selection of an optimum com- 
munication system. 

IRE Paper No. 1, “The Worth Con- 
cept An Aid to System Planning,” pre- 
sented in Session 3C, IRE Winter Con- 


vention on Military Electronics, Los Ange- 
les, Feb., 1961. 


Land Navigation and 
Position Fixing System 
C. L. Wetzel, Bendix Corp. 


Design of an advanced position fix- 
ing and navigation system. Features 
of the system are: High mobility, 
low weight, accuracy, reliability and 
low frequency operation. 

The system comprises three sub- 
systems: Transmitting, receiving 
(unlimited number of users), and 
map correlating. 

System covers approximately 150,- 
000 square miles and achieves ac- 
curacies up to a repeatability of 25 
feet. 

The entire system is easily trans- 
portable by air or ground vehicles. 

IRE Paper No. 3, “Position Fixing and 
Navigation of Army Field Units,” . pre- 
sented in Session 1E, IRE Winter Con- 


vention on Military Electronics, Los Ange- 
les, Feb., 1961. 


Reliability Application 
And Analysis Guide 
D. R. Earles, The Martin Co. 


A guide for estimating reliability 
when a design comparison or a 
design capability estimate is de- 
sired. Procedures and data are in- 
cluded related to reliability, mean- 
time-to/between-failures, design 
growth, and preferred component 
applications. A table of typical shelf 
life has also been included. Re- 
liability specifications, standards, and 
bulletins are delineated. Reliability 
diagrams are discussed and _ tech- 
niques for the design and develop- 
ment of a reliable piece of elec- 
trical equipment are outlined. Ap- 
plication information is available 





Eberhardt-Denver 
poweRgear 


... when the problem involves 
heavy duty and reliability 


High horsepower capacity 
Oversize shafts 
Extra-large bearings 
Heavy-duty gearing 
Universal mounting 

All types available 
Fractional to 53 hp. loads 
Ratios 5:1 to 3600:1 
Center distances 2” to 7” 
Distributor-stocked 


Got a speed-reducer problem? Call your 
Morse distributor in the Yellow Pages. 


A BORG-WARNER INDUSTRY 


Morse Chain Co., Dept. 6-31, Ithaca, N.Y. Export 

Sales: Borg-Warner International, Chicago 3, III. 

In Canada : Morse Chain of Canada, Ltd., Simcoe, Ont. 
Circle 502 on Page 19 


189 





| 





aaeey eee | DESIGN ABSTRACTS 





174 TTI 

, 1 ow:You;Can” .. . 
peter . | | ee ry for most electronic component 

-+-| Save Boss S a s sae parts. The systems outlined for a 
Ci ae oe design analysis are not intended to 
We ht-in Thr Sum E supplant engineering judgment for 
.. with HELI-COI Tt IRE Paper No. 1, “Reliability Applica- 
| i oT Ye : tion and Analysis Guide,” presented in 


experience, but are given to aid the 
Session 1D, IRE Winter Convention on 
i pea Electronics, Los Angeles, Feb., 





















































decision-making process. 
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Contamination of Titanium 
By Water Vapor 
P. C. Hughes, and I. R. Lamborn, 


Australian Defense Scientific Service, 
Dept. of Supply, Victoria, Australia. 





























eli-Coil insert — 
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_|. As seen in the illustrations above, Heli-Coil © | 
Inserts save 56% in space, 63.5% in weight.  _eeeeeeeemmmes 


Solid thushing | 
| | requires oversize _ 








tamination of titanium at elevated 
temperatures, and the influence of 
concurrent oxidation under par- 
ticular conditions. The variables 
humidity, temperature, and time 
were investigated. Hydrogen con- 











Heli-Coil stainless steel wire inserts have a smaller outside diam- 
eter than any solid bushing. Therefore, with Heli-Coil Inserts you 
|_, can design boss radii to a minimum, yet stay with standard boss 


| ' configurations. This means savings in space and weight, and Caneenatson in moist, but otherwise 
material-savings as well. inert, atmospheres was negligible be- 


| _"" "This feature is vitally important for miniaturization in aero- low 590 Cc. Results suggest that “6 
moist oxidizing atmospheres, this 


space design, in electrical and electronics equipment design, i 4 
and for general industrial applications. threshold temperature will be raised. 
The competing effects of hydrogen 


»_NO OTHER TYPE OF INSERT OFFERS SUCH SAVINGS! | and oxygen diffusion on micro- 


anne [ “f Heli-Coil Standard Insert structure are illustrated. 
x SS: for stronger, smoother, lifetime threads 


Permanently protects threads against wear, stripping, 

corrosion, galling, seizing, vibration, and shock. Made 

of 18-8 stainless steel wire, this precision-formed 

Heli-Coil Insert has a tensile strength of approximately 

:. 200,000 psi. Conforms to military standards and all 
commercial and industrial thread forms. 


Heli-Coil Screw-Lock Insert 
eliminates lock wiring and lock nuts 
This one-piece wire Screw-Lock Insert provides all the 


Paper No. 2045, “Contamination of Ti- 
tanium by Water Vapour,” Journal of the 
Institute of Metals, Vol. 89, 1960-61, 4 pp. 


Plastisol Extrusion Coating 


C. H. Brower, Union Carbide Plastics 

Co., and R. A. Nunn, Waldron-Hartig 

Div., Midland-Ross Corp. 
Comparison of methods for coating 
with vinyl dispersions. Normally 
vinyl dispersions are applied to cloth 


exclusive resilient internal locking feature that elimi- and other substrates by roller or 


nates clumsy protruding lock nuts, lock wiring and other 
supplementary locking devices. It saves cost, space and 
weight — permits simple streamlined design in standard 
bosses. Meets military and N.A.S. specifications for 


knife coating. A new method for 
applying these materials has been 
recently developed, involving plas- 


tisol extrusion lamination. 

Extrusion coating of vinyl plas- 
tisols offers some distinct advan- 
tages over knife and roller coating 
methods. These stem from the fact 
that extrusion-coated plastisols are 
applied in a fused condition. Par- 
ticular advantages include: 


locking torque and vibration. 


The Heli-Coil line of products includes: inserts and related taps, 
hand tools, power inserting tools, automated tooling, and gages. 
Tables of boss radius and weight comparison are available. Write 
for complete details and design data. @ 25050 





HELI-COIL CORPORATION 


503 Shelter Rock Lane, Danbury, Connecticut 


In Canada: ARMSTRONG BEVERLEY ENGINEERING LTD. 
6975 Jeanne Mance St., Montreal 15, Que. 


1. Capital investment in equipment is 
less than conventional methods. 


2. Savings in floor space and power 
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Automation 
Components 


MINIATURE 
PHOTOELECTRIC SCANNER 


Proximity sensor Type 
SA-1R contains light- 
source, photocell, and 
an infrared filter, all 
in a small anodized- 
aluminum housing 
with standard four- 
prong connector. The 
solid-state photocell 
is sensitive, sturdy, and sealed for protection 
against moisture, dust, or corrosive atmos- 
pheres. This scanner operates on reflected 
light, is responsive to metallic and non-metallic 
objects. Two models available. Write for 
Bulletin 260-A. 


Type Max. Sensing ——_—_— Lamp rating 
SA-1R upto2inches 5 v. a-c 60,000 hrs. 
SA-1RM up to 6 inches 2v. a-c 5,000 hrs. 








Short-range scanner SA-1 and medium-range 
scanner SA-1M consist of two units, the light 
source and the photocell unit. These small-size 
scanners have adjustable focus of light-beam 
for high-precision scanning of rapidly moving 
parts, with beam-interruption by '/,>” objects. 
Eyeshade and infrared filter available to in- 
crease range and effectiveness. Write for 
Bulletin 659. 


Type Max. Sensing Lamp rating 
_SAl upto 4feet*) 6 v. a-c 5,000 hrs. 
SA-IM _uptol2feet*) Sv. a-c5,000 hrs. — 
*) can be increased 50% by using eyeshade and 
infrared filter. 


PHOTOELECTRIC RELAYS 


pe PE3 — General- For use with photoelec- 
tric scanners; provide 
suitable light-source 
voltages; DPDT load 
contacts handie 8 am- 
peres (non-inductive) at 
115 volts a-c. 








se relay 
Type PES — Time-delay 


relay 
Type PE7 — Photo- 
electric timer 


CK ELECTRONIC TIMERS 
: Model 120 General- 
mS Purpose timer features 
(ta cold-cathode tube and 
identical plastic- 
enclosed plug-in relays, 
has seven basic modes 
of operation, including 
repeat-cycle timing. 
(Size 4%” x 3%” x 
3%”.) For information 
on timers write for 

Bulletin 120. 


SYNCHRONOUS CONTACTORS 


Rotating camshaft actuates distributor-type 
switches. Single and double-circuit models 
available. Write for Bulletin “Rototimer”’. 


Whatever your problem in Automation Com- 
ponents, FARMER can help you. 


300 WASHINGTON ST. NEWTON LOWER FALLS, MASS 
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consumption are realized. 
. No subsequent heating steps are re- 
quired. 


. “Strike through” problems are non- | 


existent. 


. Rheological problems are not as criti- | 
cal—giving greater formulation lati- | 


tude. 


On the other hand, extrusion coat- | 


ing does not have the gauge con- 
trol of roller coating, and adhesion 


must be promoted with primers | 


in some cases. 


SPE Paper No. 27-1, Sager ay et of | 


Plastisol Extrusion Coating with Conven- 
tional Coating Methods,” presented at the 
Seventeenth Annual Technical Confer- 
ence of the Society of Plastics Engineers, 
Washington, D. C., Jan., 1961, 4 pp. 


hydraulic 


Systems for Super-Clean 
Hydraulic Fluids 


D. R. Walker, Propulsion and Me- | 
Engineering Testing Div., | 


chanical 
Douglas Aircraft Co. 


Systems and design considerations, | 
as in missiles, for keeping hydraulic | 


fluids super-clean. The term super- 
clean means cleaner than fluid de- 
fined by military specification MIL- 
H-5606B. In one suitable fluid, 
requirements are that 100 milliliters 
of fluid must contain fewer than 
ten particles larger than 40 microns, 
and produce no background color 
when filtered through an 8-micron 
membrane 47-mm in diameter. 








NCIH Paper, “Control of Hydraulic | 


Fluid Contamination,” presented at t 


16th National Conferences on Industrial | 


Hydraulics, Chicago, Oct., 1960, 9 pp. 


electrical 


Electroluminescent 
Display System 


]. L. Hallett, Sylvania Electronic Sys- 
tems 


| An experimental display using seg- | 


mented electroluminescent devices 


for readout of information, The sys- | 


tem operates from _binary-coded 


supplied from perforated tape or 


from a manually operated keyboard. | 
Data are entered and updated auto- | 


| number and information which is | 


matically. The logic and display por- | 


| tions of the system use solid state 


A Morse answer 


roller 
chain 


...when the problem involves 
service life and performance 


Superior fatigue resistance 
Increased horsepower ratings 
Statistical hardness control 
Electronically controlled pitch 
All parts automatically inspected 
Drive-design service 
Distributor-stocked 


Got a chain problem? Call your Morse 
distributor. He’s listed in the Yellow Pages. 


a BORG-WARNER INOUSTRY 


Morse Chain Co., Dept. 6-31, Ithaca, N.Y. Export 
Sales: Borg-Warner International, Chicago 3, III. 
In Canada: Morse Chain of Canada, Ltd., Simcoe, Ont. 
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IMPORTANT NEWS 
FOR HYDRAULIC PUMP USERS 


AMERICAN ENGINEERING’S 
HELE-SHAW and HYDRAMITE 
pumps are now being precision 
engineered and fabricated at 
the Aircraft Armaments, Inc. 
plant at Cockeysville, Md. 

Be assured that the same crafts- 
manship and high standards of 
quality which make HELE-SHAW 
and HYDRAMITE pumps leaders 
in their field will be maintained 
in the IMMEDIATE CONTINUED 
PRODUCTION of these pumps 
by Aircraft Armaments, Inc. 


Please address inquiries to: 


AE INDUSTRIAL DIVISION 
AIRCRAFT ARMAMENTS, INC. 


Post Office Box 6853, Baltimore 4, Maryland 
CLEVELAND DISTRICT: A.£. Company, 1157 Leader Bidg., Cleveland 14, Ohio 
NEW YORK DISTRICT: AE Industrial Division, 1 Exchange Place, Jersey City 2, N. J. 
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ual pmo Less per Thousand 
BP Note These Clamping Operations 


Important Features: 
HARDENED PINS and BUSHINGS 
HEAVY BODY SECTIONS 
C110 BLACK OXIDE FINISH 
PINS RIVETED FLUSH 


DROP-FORGED ARM 
€Q-1107 


Many Types to Satisfy 
Your Work Holding Needs 


8 STANDARD ACTION UNITS 
10 QUICK ACTION UNITS 
12 PUSH ACTION UNITS & others 


WRITE for CATALOG - PRICES - Template Sheets Available 


WOLVERINE TOOL CO. 


1242 E. WOODBRIDGE 
DETROIT 7, MICHIGAN 


CQ-810 








DESIGN ABSTRACTS 





circuitry. Conversion from binary to 
display code is performed by photo- 
conductive/electroluminescent ma- 
trices. 

IRE Paper No. 3, “An Experimental 
Electroluminescent Display System,” pre- 
sented in Session 4C, IRE Winter Conven- 
tion on Military Electronics, Los Angeles, 
Feb., 1961. 


rrochanicea! 


Brak‘ng of Road Vehicles 


K. N Chandler, Road Research Lab- 

oratory Dept. of Scientific and Indus- 

trial Research, Great Britain. 
Basic properties of a pneumatic tire, 
and mathematical consideration of 
a pneumatic-tired wheel, bearing a 
load during braking and during the 
release of brakes. By numerical 
estimates, it is shown that, from 15 
mph, a wheel could lock within 18 
milliseconds, 

Equations are derived for opera- 
tion of a commercial device de- 
signed originally to release the 
brakes of an airplane before the 
wheels lock on landing and then 
later to reimpose the brakes. The 
equations apply to operation in any 
road vehicle. 

Highly simplified calculations sug- 
gest that, in its present form, a 
much longer braking distance will 
result from using the device than 
would be obtained with locked- 
wheel braking. 

IME Paper No. AD 8/60, “Theoretical 


Studies in Braking,” ag for publica- 
tion after March 31, 





TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to: 


Institute of Metals, 17 Belgrave Square 
London S.W. 1, England. 


IME—The Institution of Mechanical En- 
gineers, | Birdcage Walk, Westminster, 
London S.W. 1, England. 


For papers presented at the 1961 Winter 
Convention on Military Electronics, con- 
tact authors. 


NCIH—National Conference on Industrial 
Hydraulics, sponsored by Illinois Institute 
of Technology, 3300 South Federal St., 
Chicago 16, Ill, Vol XIV, Conference 
Proceedings, 6 dollars each. 


SPE—Society of Plastics Engineers, 65 
Prospect St., Stamford, Conn. 
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new-lbe-free 


 Sterling’s variable speed drive 
never requires lubrication 


All lubrication maintenance prob- 


lems are eliminated by Sterling’s 
Per. new variable speed drive. Fret cor- 
rosion is completely eliminated. 
N STERLING Sticky pulleys, resulting from im- 


proper lubrication, are no longer a 
problem. Belt life is lengthened; pul- 
ley wear is eliminated. 

Special load-bearing surfaces never 
require any attention or lubrication. 
Keys and bushings will not wear out. 
Shaft surfaces are also tough and 
wear resistant. 

Sterling’s new “Lube-Free” variable 
speed drive can be installed in any 
location, no matter how inacces- 
sible, since lubrication maintenance 
is no longer needed. 

Complete application and product 
information is available by writing 
Dept. S-1, Sterling Electric Motors, 
Inc., 5401 Telegraph Road, Los 
Angeles 22, California—or by con- 
tacting the Sterling field engineer in 
your area. 


Tough shaft surfaces provide unusual 
chemical resistance and anti-frictional 
properties. Specially fabricated keys and 
bushings hold up indefinitely. 


Sterling Electric Motors, Inc. 


6401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA, 
A Subsidiary of HATHAWAY INSTRUMENTS, INC. 
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Self-Cleaning Strainers 


Catalog 6008 details over 600 standard 
strainers and shows wide selection of 
available body materials, end connections, 
pressure ratings, and sizes. Complete pres- 
sure-drop and pressure-temperature limit 
data are provided. Free-hole’ areas for 
the more than 300 standard available 
screens are also included. Body materials, 
end connections, and pressure-temperature 
ratings are compiled into tables keyed to 
a single catalog number for identifying 
and specifying. 12 pages. Strainer Sec- 
tion, Leslie Co., 507 Grant Ave., Lynd- 
hurst, N. J. 
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Pressure Transducers 


Data folder contains a glossary of pres- 
sure-transducer definitions and describes 
SP-2 series of transducers. Covered in the 
glossary are transducer types, sensing-ele- 
ment types, pressure range, strain-gage 
characteristics, performance parameters, 
compensation, and shunt calibration. 
Separate sheets describe the transducers, 
and give advantages and all specifications. 
12 pages. Standard Controls, 1130 Poplar 
Place, Seattle 44, Wash. 
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Rotary-Armature Relays 


Catalog 860 provides information on 
rotary balanced general-purpose relays, in- 
cluding photographs, line drawings, and 
all specifications. Appendix includes gen- 
eral data on contact load and life, con- 
tact resistance, relay materials, shock and 
vibration, dry-circuit relays, coil circuits, 
contact arc suppression, and other data. 
24 pages. Hi-G Inc., Bradley Field, Wind- 
sor Locks, Conn. 
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Electronic Equipment 


New abridged catalog provides data on 
24 conventional oscilloscopes, six portable 
oscilloscopes, and 12 rack-mounted ver- 
sions. Other associated electronic equip- 
ment is also pictured and briefly de- 
scribed. Photograph and _ specification 
data are included for each unit listed in 
the catalog. 16 pages. Tektronix Inc., 
P. O. Box 500, Beaverton, Oreg. 
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Wirewound Resistors 


Line of encapsulated precision wire- 
wound resistors providing high perform- 
ance in small size is described in two- 
color folder. Complete specifications and 
technical data are given, including de- 
rating curves and curve showing re- 
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sistance change versus temperature change. 
Military types are designated, showing 
the company’s equivalents. Dimensional 
drawings and tables are included. 4 pages. 
Hanjohn Co. Inc., 9824 E. Alpaca St., 
South El Monte, Calif. 
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Control, Indicating Components 


“Precision Products for Precision Con- 
trol” defines five new divisions of con- 
trol and indicating components and pack- 
ages. Folder illustrates several representa- 
tive devices, components, and packages in 
each of the five product classifications, 
providing general technical data and de- 
scriptions for each product shown. 6 
pages. Bowmar Instrument Corp., 8000 
Bluffton Rd., Ft. Wayne, Ind. 
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Circuit-Breaker Load Centers 
Complete descriptions, wiring diagrams, 
dimensions, and selector tables for line 
of circuit-breaker load centers are con- 
tained in Catalog C-200. Simplified 
guide to panel selectors is featured, and 
advantages of the various units described 
are listed. Full-page selector tables are 
included for single-phase, main-lug, split- 
bus, and main-breaker panels, and for 
three-phase main-lug panels. Catalog is 
punched for insertion in loose-leaf and 
spring binders. 20 pages. Bryant Elec- 
tric Co., Box D, Barnum Station, Bridge- 
port 2, Conn. 
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Flexible Couplings 


Catalog 61, Section A, provides infor- 
mation on a full line of couplings in bore 
sizes from solid to 94 in. All couplings 
are pictured and described, and dimen- 
sional drawings and tables provide engi- 
neering data. Tables for varying or pul- 
sating load conversion and horsepower to 
torque conversion are included. List of 
standard keyways and engineering formu- 
las and equivalent data completes the 
bulletin. 22 pages. Lovejoy Flexible Cou- 
pling Co., Dept. A, 4945-4949 W. Lake 
St., Chicago 44, Ill. 
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Welding Alloy Chart 


Welding, brazing, and soldering alloys 
and fluxes can be selected rapidly accord- 
ing to the base metal to be joined by 
using new ready-reference, 1914 x 251/4- 
in. wall chart. It includes complete line of 
alloys and fluxes for joining all commer- 
cial metals, indexed under common base 
metals. Each joining alloy is described 


with recommended preheats, amperage or 
working temperature, tensile or shear 
strengths, identification, and packaging 
comments. Table shows correct joining 
alloy for welding or brazing all major 
weldable aluminum alloys. All-State Weld- 
ing Alloys Co. Inc., White Plains, N. Y. 
Circle 709 on Page 19 


Steel Selection 
“Three Keys To Satisfaction” is a re- 
vised guide to combining sound design 
principles, proper selection of steels, and 
good treatment to achieve economy and 
good material performance. Separate sec- 
tions on design, steels, and treatment, il- 
lustrated with tables and charts, contain 
much basic information. Steel section 
deals mainly with heat-treated alloy steels 
used at tensile strengths below 200,000 
psi. 77 pages. Climax Molybdenum Co., 
Div., American Metal Climax Inc., 1270 
Avenue of the Americas, New York 20, 
ae 
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Pipe and Tubing Measurement 


“How to Measure and Relate Pipe, Tub- 
ing and Hose Sizes,” Bulletin 631, supplies 
standard methods of measurements. Both 
similarities and differences involved in 
measuring various fittings and fluid-carry- 
ing lines are discussed. Pamphlet also dis- 
cusses standard practices of measuring 
adapters and complete assemblies; dash- 
numbering systems are explained in chart 
form. 16 pages. Aeroquip Corp., Jackson, 
Mich. 
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Silicone Compounds 
“Silicones for the Space Age,” Bulletin 
CDS-276, is illustrated with photographs 
and charts to permit quick selection of a 
silicone compound. Several types of sili- 
cone compounds are discussed, including 
dielectric and lubricating greases and high- 
temperature paint additives. 16 pages. Sili- 
cone Products Dept., General Electric Co., 
Waterford, N. Y. 
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Force Transducer 


Booklet describes this mechanical-to- 
electrical conversion element for the con- 
tinuous measurement and control of ten- 
sion, pressure, weight, and thrust. Fea- 
tures and design details are pointed out, 
using photographs and line drawings. Di- 
mensional drawings are included for two 
models. Hydro-Pneu-Tronics Inc., 3666 
E. 116th St., Cleveland 5, Ohio. 
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New “301LS” is another in MICRO’s 
line of “Plug-in Limit” Switches. This 
model contains 2 basic switches, each 
with a normally open and normally 
closed circuit. 


March 16, 1961 


Neon 
Check Light 
Signals 


Operating 
Position! 


The new “LS” Limit Switch has a translucent plastic insert and enclosed neon 
light that tell at a glance whether the switch is functioning. Perfect answer for 
checking switches that must be located in inaccessible or poorly lighted areas, or 
where it is important to be able to check a large number of limit switches on a pro- 
duction line in minimum time. The new switch is an addition to MICRO’s line of 
compact, high capacity “LS” Limit Switches. Write for Data Sheet 185. 


New “301LS” has two basic switches which are operated when the actuating lever 
is moved clockwise or counterclockwise. Internal adjustments are easily made to 
provide sequence operation of the two enclosed switches. Sequence control is use- 
ful on tool slides to 1) switch from rapid traverse to feed rate and then 2) with the 
second switch, return the tool to the original position. Sequence control is also used 
as a positive limit stop where machine damage could occur by a fault in the first 
switching circuit. See the Yellow Pages for your nearby MICRO SWITCH Branch 
Office or write for Data Sheet 187. 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


Honeywell 
MICRO SWITCH Precision Switches 
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WAPAK 

HARDENED WAYS 
LAST LIFETIME OF 
YOUR MACHINES 


Engineered from solid tool steel, WAPAK Hardened 
Ways are uniformly hard through and through ... 
No galling, scoring or other failure throughout life- 
time of your machines . . . even under rugged service. 
Carburized or laid steel ways also available in some 
sizes. 

ACCURATE FINISH 

Utmost care is given to accuracy of finish on all 
WAPAK Hardened Ways. Micro grinding is fol- 
lowed by individual inspection of each piece with 
Profilometer. 


ENGINEERED TO SPECIFICATIONS 

WAPAK Ways are manufactured to your blue print 
specifications and normal deliveries maintained. 
Your machines are more reliable with WAPAK 
Hardened Ways. 


HELPFUL LITERATURE 





Subminiature Connectors 
Catalog D2-1 describes fast-assembly, 
ConheX subminiature R.F. connectors for 
RG and other coaxial cables. In addition 
to plugs, jacks, bulkhead receptacles, feed- 
throughs, right-angle units, cable termi- 
nations, tee adaptors, and printed-wiring- 
board units, catalog describes broad lines 
of adaptors, BNC and TNC plugs. Photo- 
graphs, line drawings, dimensional draw- 
ings, and tables provide data. 12 pages. 
Sealectro Corp., 139 Hoyt St., Mamaro- 
neck, N. Y. 
Circle 714 on Page 19 


Industrial Coated Fabrics 


Physical properties, performance charac- 
teristics, and applications of more than 
200 different styles of Reevecote industrial 
coated fabrics are listed in new catalog. 
Three reference tables list characteristics of 
eight different textile fibers, effects of 
chemicals on 12 different elastomers, and 
comparison of elastomer properties. Ap- 
plications listing is also included. 12 pages. 
Vulcan Div., Reeves Brothers Inc., 1071 
Avenue of the Americas, New York 18, 
mY. 

Circle 715 on Page 19 


Electric Motors 


Complete specification data are given for 
Series M shaded-pole induction motors and 
for models in helical, spur, and worm gear 
motors. Description includes photographs, 
speed ranges, torques, sizes, gear descrip- 
tions, and optional features. Catalog sim- 
plifies selection of the exact motor to meet 
specific needs. Drawings show shaft, 
mounting, and outline dimension. 4 pages. 
Brevel Products Corp., 601 W. 26th St., 
New York 1, N. Y. 

Circle 716 on Page 19 


Servo Systems 


Colorful new booklet provides data on 
various types of servo systems developed 


to meet specifications. Many applications 


of the units are shown, along with pic- 
tures and complete specifications. About 
20 pages. Systems Div., Clifton Precision 
Products Co. Inc., 5050 State Rd., Drexel 
Hill, Pa. 


Quality control inspec- 
tor uses Profilometer to 
check accuracy of finish 


Circle 717 on Page 19 


Pushbutton Station 


Flexitite all-rubber pushbutton station 
for oiltight and heavy-duty service is de- 
scribed in Bulletin B82. Included are illus- 
trations, construction and performance de- 
tails, and explanation of features. 4 pages. 
Electrical Products Div., Joy Mfg. Co., 
1201 Macklind Ave., St. Louis 10, Mo. 

Circle 718 on Page 19 


St THE WAPAKONETA MACHINE CO, 
ae Engineered for the Job Siew 1891 


WAPAKONETA 9, OHIO 
Also. manufacturers of SLITTER KNIVES © SHEAR BLADES © ROTARY SHEAR KNIVES @ SCRAP 
CHOPPERS ® HARDENED SPACERS © GIBS © ROCKER PLATES © WEARING PLATES ® BALL 
RACES © WEAR: STRIPS © MACHINE LINERS © MACHINE KNIVES for all industries 


Electric Motor Components 


New catalog shows molded brush re- 
taining caps, carbon brush holders, com- 
mutators, and slip rings. Complete data 
include pictures, dimensional drawings, 
and size information. 12 pages. Midwest 
Molding & Mfg. Co., Gurnee, III. 

Circle 719 on Page 19 
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Weight Sensing 
New reference manual shows how a 
principle of weight sensing or force 
measurement can be applied for automatic 
control. Principle is based on the use of 
1:1 ratio predetermined weight scale and 
automatic electrical readout. Diagrams 
show representative applications, and pic- 
tures of typical applications are also in- 
cluded. 8 pages. Exact Weight Scale Co., 
917 W. 5th Ave., Columbus 15, Ohio. 
Circle 720 on Page 19 


Ball Valves 
Reference Book 39, Section 5, describes 
new ball valves that provide quick, ef- 
fective fluid centrol. Catalog pictures the 
various types and gives all dimensions. 
Cutaway drawing and line drawing are 
used to demonstrate the key features of 
the valves. 8 pages. Homestead Valve 
Mfg. Co., Coraopolis, Pa. 
Circle 721 on Page 19 


Rubber Products 


General Catalog M5 describes complete 
line of rubber products for industry. In- 
cluded are sections on Poly-V drive, V- 
belts, transmission belt, conveyor belt, and 
all types of hose, flexible rubber pipe, 
and expansion joints. Catalog gives basic 
specifications and information for ordering. 
Details on the design and operating ad- 
vantages of new constructed products are 
included. 24 pages. Manhattan Kubber 
Div., Raybestos-Manhattan Inc., Passaic, 
N. J. 

Circle 722 on Page 19 


Welding Stainless Steel 


Information concerning techniques for 
welding stainless steel is contained in 
Bulletin 7300.2, “Arc Welding Stainless 
Steel.” Bulletin gives physical properties, 
structure, and welding characteristics of 
the different types of stainless. Chart 
listing deposit properties, and electrode 
recommendation tables for the various 
types of stainless are included. 12 pages. 
Lincoln Electric Co., Cleveland 17, Ohio. 

Circle 723 on Page 19 


Switch Selection 


New catalog provides information on 
the selection and ordering of switches. 
Applications, materials, and characteristics 
of the switches are listed. Described and 
illustrated are standard types and many 
special units. Line drawings, pictures, and 
tables provide all data. 48 pages. Daven 
Co., Livingston, N. J. 

Circle 724 on Page 19 


Flowmeter Kits 


Four variable-area flowmeter kits, each 
containing meters of various sizes for 
a wide range of flow measurements, are 
described in Bulletin 10A1010. Contents 
of each kit are listed, along with com- 
plete data on performance, operational 
limits, and capabilities. 4 pages. Fischer 
& Porter Co. 794 Jacksonville Rd., 
Warminster, Pa. 

Circle 725 on Page 19 
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Timers 
7 EAGLE SIGNAL COMPANY ©@ Moline, Illinois 
} INDUSTRIAL DIVISION 
| 


as simple as 





THE HPS SERIES CYCL-FLEX FOR 


_7tme CONTROL 


Yes, our New Cycl-Flex Timer is as easy to adapt and change as a 
simple electric plug. 

Don’t let automation troubles get you down! . . . use our New Cycl- 
Flex for TIME CONTROL functions. Should your automatic controls fail 
for any reason, you can trace your trouble by plugging-in a spare timer. 
Movement of the TIME pointer indicates whether trouble is in the input 
or the output circuits. 

Eagle’s New Cycl-Flex Timer has been enthusiastically adapted by 
leading manufacturers of molding presses, dielectric heaters, machine 
tools and feed controls. 

Write for Bulletin 125 or call your local Eagle Representative. He’s 
listed in Sweet’s Product Design File, Section 7d, or in Thomas Register. 


SPECIFICATIONS © 10 sec. to 60 hr. dial © 2 instantaneous switches © 2 delayed 
switches @ 12 terminals @ Resets in '/3 sec. © Mounts in 3!/g” dia. hole 





MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS AVAILABLE 


We A ix 
ye 1S yyy . 


Precision Interval wuttiote Circuit Heavy-Duty Step MultipleCam Predetermined Hermetically 
imers Switches Timers Counters ceutes 
imers 





A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 
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Barber-Colman unidirectional 
shaded pole motors with 
choice of 3” through 8” dia 
circulating fans ... ratings 
from 75 to 1,080 cfm 


BARBER 
COLMAN 


TYPICAL APPLICATIONS 
AIR PURIFIERS 

DEODORIZERS 

HUMIDIFIERS 

REFRIGERATOR BLOWERS 

ELECTRIC HEATERS 

BOOSTER FANS 

VENTILATORS 

PROJECTORS 

DESK FANS 


a-c small motors 


As manufacturer of unidirectional small 
motors up to 1/20 hp, Barber-Colman of- 
fers various combinations of these motors 
and fans for applications such as listed at 
left. ‘These high-quality motors feature 
low noise level . . . high dielectric strength 
coils . . . stainless steel shafts . . . long-life 
lubrication. For complete information on 
Barber-Colman Motors with fans, write 
for bulletin F-1. 


THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 
includes unidirectional, synchronous, and 
reversible types . . . with or without re- 
duction gearing . . . open or enclosed. 
Stator and rotor sets also available. 
Write for quick reference file. 


SEE SERVO MOTOR DEMONSTRATION ... IRE SHOW... BOOTHS 2242-44 


BARBER-COLMAN COMPANY 
Dept. O, 1273 Rock Street, Rockford, Illinois 


Circle 512 on Page 19 
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Kralastic ABS Plastics 
Illustrated booklet describes how ABS 
plastics can be used in engineered ap- 
plications. “Kralastic for Product Engi- 
neering and Design” contains physical 
and chemical properties for the high- 
impact, moldable ABS plastics. Also in- 
cluded is design information on more 
than 20 molded products currently being 
made from this material. 28 pages. Nauga- 
tuck Chemical Div., United States Rub- 

ber Co., Naugatuck, Conn. 
Circle 726 on Page 19 


Pipe Connections 
Catalog of pipe connections and acces- 
sories contains all new types and ratings 
of Grayloc clamps, collar-type unions, 
flanges, vessel nozzles, closures, and bleeder 
valves. Products with related applications 
are also catalogued, including bimetallic 
pipe and fittings. Ten-page table of 
allowable working pressures for pipe and 
connections from 1 to 30 in. to 1500F 
is included. 44 pages. Gray Tool Co., 
P. O. Box 2291, Houston 1, Tex. 
Circle 727 on Page 19 


Control Knobs 


More than 345 styles of control knobs 
for industrial and military use are shown 
in bulletin Product Data 5-110, All knobs 
meet new military specification MS91528B. 
Bulletin contains pictures, dimensional 
drawings, and tables. 8 pages. Industrial 
Components Div., Raytheon Co., 55 Chap- 
el St., Newton 58, Mass. 

Circle 728 on Page 19 


Friction Materials 
Standard friction parts are outlined, and 
characteristics and recommendations are 
given in Brochure 1051. Parts and mate- 
rials listed are suitable for brakes, clutches, 
automatic transmissions, and _ vibration 
dampers regularly installed in automotive, 
construction, and industrial equipment, 
power tools, and consumer appliances. De- 
sign data cover size limits, tolerances, fric- 
tion material descriptions, and recom- 
mended applications. Data also include 
tensile strength, coefficient of friction and 
recommended service for each type of 
material. 4 pages. World Bestos Div., 
Firestone Tire & Rubber Co., New Castle, 
Ind. 
Circle 729 on Page 19 


Positioning Control 


Bulletin 500A shows how electrical- 
mechanical Hanna-Powr Positioner can 
be used to position many types of me- 
chanical devices automatically at any of 
several predetermined positions corre- 
sponding to a remote control selector- 
switch signal. Visual flow action illus- 
trations, line drawings, and charts provide 
specific information needed to plan ways 
of using the unit in air-hydraulic power 
cylinders, motorized screw drives, and 
other regulating devices. 10 pages. Hanna 
Engineering Works, Dept. PR-27, 1765 EI- 
ston Ave., Chicago 22, IIl. 

Circle 730 on Page 19 
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Caster Selection 
Essential information about five stand- 
ard series of casters that fulfill most in- 
dustrial requirements is provided in pock- 
et-sized Catalog 1750. In tabular form, in- 
formation on each of the series includes 
wheel diameter and face, model number, 
rated capacity, wheel type, over-all height, 
and bolt-hole spacing on swivel and rigid 
casters. Data on characteristics such as 
floor protection, nonmarking, and cush- 
ioning effects are also included. 16 pages. 
Rapids-Standard Co. Inc., 342 Rapistan 
Bldg., Grand Rapids 2, Mich. 
Circle 731 on Page 19 


Hydraulic Fittings 
Bulletin 921 illustrates and describes 
frequently used hydraulic fittings in OEM 
design. Manual contains specifications on 
such products as adapter couplings, bush- 
ings, elbows, tees, hose assemblies, and 
brackets. Fold-out page shows diagram- 
matic views of Dryseal pipe threads and 
relationships of different types. Methods of 
Dryseal pipe-thread gaging are given, as 
well as definitions of series symbols, dif- 
ferences in pipe threads, and gaging prac- 
tice for various pipe threads. 17 pages. 
Original Equipment Sales Div., Lincoln 
Engineering Co., 4010 Goodfellow Blvd., 
St. Louis 20, Mo. 
Circle 732 on Page 19 


Nonmetallic Alloys — 


Pocket-sized booklet, “Dynamic Ideas in 
Materials,” describes company’s various 
materials and products, particularly Fiber- 
loys. Applications in such fields as elec- 
tronics, electrical equipment, printing, au- 
tomobiles, missiles, aircraft, data process- 
ing, and chemical processing are given. 
12 pages. Rogers Corp., Rogers, Conn. 

Circle 733 on Page 19 


Plastic Products 


Bulletin 611 explains typical applications 
of plastic products with controlled prop- 
erties that can be manufactured to MIL 
specifications. Products include radomes, 
plastic antennas, parabolic dishes, micro- 
wave lenses, encapsulation and potting of 
electronic components, and structural plas- 
tic panels. Tables giving typical mechani- 
cal properties of glass-fiber-base polyester 
laminates and rigid polyurethane foam 
are included. 4 pages. Polystructures Inc., 
4] Montvale Ave., Stoneham, Mass. 

Circle 734 on Page 19 


Thermal Insulation 


Catalog 1N-244A completely describes 
thermal insulations for all types of com- 
mercial and industrial requirements in ap- 
plications with temperatures from —400 
to +3000 F. Six sections are each de- 
voted to a specialized group of insulations. 
Information on each product consists of 
application photograph, description, avail- 
able forms or types, list of advantages, 
and detailed specification data. 64 pages. 
Johns-Manville Sales Corp., 22 E. 40th 
St., New York 16, N. Y. 

Circle 735 on Page 19 
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Permanent magnet, d-c 


tachometer generators with 


high linear output... 


low ripple... for precision 


applications 


TYPE BYLM 


2345 


sila DIA. SMOOTH SHAFT 


f — 
S) | md 


BARBER 
COLMAN 


UP TO 24 VOLTS PER 1000 
RPM OUTPUT 


RATED OUTPUT TOLERANCES 
WITHIN +1.5% 


3% MAXIMUM RIPPLE VOLTAGE 
(OVER 100 RPM) 


STABILIZED MAGNETS 


SELECTION OF OUTPUT SHAFTS 
AND MOUNTING FLANGES 


TYPE FYLM 


DIA. SMOOTH SHAF 


Barber-Colman permanent magnet 
tachometer generators are available 
in two basic designs, shown above, 
with three frame sizes each. Type 
BYLM (1.50” diameter) is capable 
of output voltages up to 24 v per 1,000 
rpm. Type FYLM (1.25” diameter) 
provides outputs to 10 v per 1000 rpm. 
With special modifications, higher out- 
put voltages can be obtained. Rug- 
gedness characterizes both designs. 
Laboratory tests of standard units 
(operable from —65° F to + 200° F) 
indicate a life expectancy of 2,000 
hours at 3,000 rpm. Units have also 
been designed for +500°F ambient. 
Ask for Bulletin F-9581. 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman electrical 
components. Includes detailed specifications on 
a-c and d-c motors, tach generators, blowers, gear- 
heads, relays. 


BARBER-COLMAN COMPANY 


Dept. O. 1873 Rock Street, Rockford, Illinois 
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introducing 


NYLATCH 


Nylatch, a new push-pull fastener, 
is now offered off the shelf to indus- 
try needing the ultimate in 
dependable low cost fastening. 


Nylatch will replace most existing 
fasteners for metal, wood and syn- 
thetics yet gives these outstanding 
features — 


® Less than 10 seconds installation 
—merely insert grommet into 
material to be fastened and insert 
plunger in grommet. 


® Standard punched or drilled holes 
accommodate Nylatch. 


® Nylatch allows up to .040 mis- 
alignment tolerance. 


® Rugged two-piece construction 
gives 30,000 complete cycles of 
operation. Thoroughly tested for 
temperature, creep characteris- 
tics, fatigue and load. 


® Versatility of design allows you a 
selection of plunger head designs. 
Available in wide range of 
decorator colors. 





Press plunger into 
installed grommet 


Press grommet 
into removable sheet 


Your inquiry will bring complete information. 


THE HARTWELL CORPORATION 

9035 VENICE BOULEVARD, LOS ANGELES 34, CALIF 
Offices: 

Ft. Worth - Hackensack + Seattle - Wichita 
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Thyratrons 
Two new bulletins, “Thyratrons Are 
Different” (PA-223), and “The Care and 
Control of Thyratrons” (PA-503), dis- 
cuss how thyratrons differ from high- 
vacuum tubes; ionization and de-ioniza- 
tion; temperature effects; installation pre- 
cautions; de control; ac control; and how 
to interpret thyratron ratings. Separate 
section on applications describes a remote- 
controlled switch, a welding timer, a mo- 
tor control, and a power inverter. 4 
pages each. Information Services, CBS 
Electronics, 100 Endicott St., Danvers, 
Mass. 
Circle 736 on Page 19 


Conveyor-Belt Selection 


Guide to the correct selection of con- 
veyor belts for food and package-handling 
applications is included in Brochure IPC- 
261-1. Belts are rated on a selector chart 
for characteristics such as resistance to 
abrasion, high temperatures, and oil and 
grease resistance. Featured in the section 
on food-handling belts are Koroseal and 
Green Pack belt constructions. 12 pages. 
B. F.. Goodrich Industrial Products Co., 
Div., B. F. Goodrich Co., Akron, Ohio. 

Circle 737 on Page 19 


Molded Plastics 
Form 1181-B covers  glass-fiber-rein- 
forced, custom-molded plastics and wood- 
chip material molded plastics. Large range 
and adaptability of molded Masterglas 
products is illustrated and explained. Me- 
chanical and chemical characteristics are 
also listed. Another section is devoted to 
a description of Delwood, a formulation 
of cured wood products, glass fibers, and 
waterproof resins. 8 pages. Gisholt Plas- 
tics, 1245 E. Washington Ave., Madison 
10, Wis. 
Circle 738 on Page 19 


Regulators, Control Valves 
Bulletin J-DI or. ductile-iron regulators 
and control valves fully illustrates and 
describes Sliding Gate seats available in 
all company’s regulators and control 
valves. Bulletin describes in detail the 
composition, properties, and specifications 
of ductile-iron valves. It includes a com- 
parison table on steel, cast iron, and 
red brass versus ductile iron, and explains 
how ductile iron is able to replace steel 
in many applications at a cost reduc- 
tion. OPW-Jordan, 6013 Wiehe Rd., Cin- 
cinnati 13, Ohio. 


| Acceleration Switches 


“Donner Acceleration Switches for Dy- 
namic Accuracy” examines the problem 
of meaningful accuracy in acceleration 
switches aboard operational missiles. Prin- 
ciples of operation and variations avail- 
able in the line of switches are described. 
Pictures, table, and line drawings provide 
complete specifications. 6 pages. Donner 
Scientific Co., Concord, Calif. 


Circle 740 on Page 19 
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DORMEYER 


N OW » PRESENTS 
"AMERICA’S 
FINEST SOLENOID 

LINE”’ 


here it is—completely new— 
completely redesigned—the 


DORMEYER 
SUPER-T-LINE 


Check these new and improved features 

e Heavier, Sturdier 
Mounting Brackets 

e Extra Heavy, 
Well Supported Plunger 

© High Seating Pull without 
excessive AC Hum 

e High Dielectric Bakelite Bobbin 

@ Stainless Steel, Non-Rusting, 
Anti-Residual Spring 

e Larger Contact Area between 
Co-acting Members for 
Longer Life 

e Stronger, Heavy Gauge, Pull-Bar 

® Moisture Resistant Coil 

® Moisture Proofed or Epoxy 
Resin Encapsulated Coils 
available for High 
Humidity Conditions 

© Design provides for Maximum 
Work without Power Drop-Off 

. 


More rugged, with greater 
designed-in and built-in depend- 
ability, the new 

Super-T deserves to 

be called “America’s 

Finest Solenoid Line’’. 

Write for Catalog 

today! 


DORMEYER INDUSTRIES 
Also Builders af Special Coils 
and Transformers 


3434 Milwaukee Avenue © Chicago 41, Illinois 
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Computers and Accessories 
“New Solutions in the Science of Simu- 
lation” details the latest advances in 
computer technology and equipment. In- 
cluded is a report on the 5800 Dystac, a 
computer which combines the analog 
computer’s features with those of the 
digital computer to provide many advan- 
tages. Brochure also lists line of pre- 
cision products and components used as 
accessories to central computer consoles 
and also for other applications. Several 
applications in various industries are 
shown. 20 pages. Computer Systems Inc., 
Culver Road, Monmouth Junction, N. J. 
Circle 741 on Page 19 


Semiconductor Bases 
Line of stud-mounted semiconductor 
bases and mating caps is reviewed in 
Form 2714. Principal purpose of the 
literature is to detail functional advan- 
tages stemming from the precision cold 
forming, and from special thread rolling, 
gaging, and plating techniques used in 
manufacture of the units. Critical dimen- 
sional tolerances, as close as 0.001 in. on 
flatness of certain surfaces, are detailed. 
4 pages. Box 102, Standard Pressed Steel 
Co., Jenkintown, Pa. 
Circle 742 on Page 19 


Accelerometers 
Technical Bulletin T-105 illustrates and 
describes a line of true compression-type 
accelerometers designed for applications in 
missile and airborne-vehicle shock and vi- 
bration study. Eight different models of 
accelerometers, and a calibration reticle, 
developed for quick calibration of vibra- 
tion equipment, are described. Bulletin 
includes all electrical and physical speci- 
fications. 2 pages. Columbia Research Lab- 
oratories, MacDade Blvd. & Bullen Lane, 
Woodlyn, Pa. 
Circle 743 on Page 19 


Pushbutton Stations 

Bulletin GEA-6544A discusses line of 
pushbutton stations for standard and 
heavy-duty applications. Publication in- 
cludes photographs of standard units and 
stations, diagrams showing dimensions, 


and ordering information. Photograph 
with call-outs explains features of the 
heavy-duty pushbutton station. Also 
shown are typical applications of various 
stations. 8 pages. General Electric Co., 
Schenectady 5, N. Y. 

Circle 744 on Page 19 


Miniature Connectors 

Comprehensive Catalog 20-1060 de- 
scribes rectangular plug-and-socket connec- 
tors designated Series 20. Complete de- 
scription, electrical and mechanical speci- 
fications, and ordering information are 
included. All units are illustrated in 
photographs and dimensional drawings. 
44 pages. Write on company letterhead 
to Electronic Sales Dept., DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long Island 
Coy: t, N. t. 
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Exhibiting at 
Design Engineering Show 
Detroit, May 22-25 


RIGIDITY 


A CASE IN POINT-—This seventy pound ductile iron crankshaft is 
made for compressors manufactured by The Brunner Division of Dunham- 
Bush, Inc. The increased loads and speeds called for by new compressor 
design specifications required rigidity and strength beyond the limits of 
the cast iron alloy shafts formerly used. Ductile iron was chosen because 
the rigidity, tensile strength, fatigue strength and wear characteristics com- 
fortably exceed operating requirements. A major bonus—the existing pat- 
tern equipment could be used for the ductile iron castings, thus saving the 
high cost of dies needed for steel forgings. 

Ductile iron has most of the engineering advantages of steel yet it can 
be designed with the same flexibility and cast with the same procedures 
as gray iron. The 120-90-02 grade used in this case has an elastic modulus 
of about 24 x 106 psi, 42,000 psi endurance limit, and 300 BHN. The 
120,000 psi tensile strength is double that of the previous crankshaft. 
Hamilton Foundry regularly casts all grades of ductile iron and high 
alloy Ductile Ni-Resist. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 
foundry is your best insurance that specifications—and delivery schedules 
—will be met. 


GRAY IRON + ALLOYED IRON + MEEHANITE® * DUCTILE (NODULAR) IRON © NI-RESIST © DUCTILE NI-RESIST © NI-HARD 


1551 LINCOLN AVENUE * HAMILTON, OHIO * TWinbrook 5-7491 
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New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Lighted Pushbutton 


offers single or 
two-color indication 


Miniaturized lighted pushbutton 
switch is 0.812 x 0.890 x 1.303 in. 
Switch offers single or two-color in- 
dication, with each half of a di- 
vided display screen having its own 
individual light source. Five colors 
are available for the display screens, 
so that a single switch can have 
any of 15 color combinations. Unit 
is designed for control equipment, 


computers, industrial, and commer- 
cial applications where visual con- 
trol indication is required. Switch 
contains two single-pole double- 
throw subsubminiature switch ele- 
ments rated at 7 amp resistive and 
25 amp maximum inrush at 24 v 
dc; 7 amp resistive and 15 amp in- 
rush at 115/230 v ac. Spring clips 
permit quick insertion and removal 
from mounting holes. Micro Switch 
Div., Minneapolis Honeywell Regu- 
lator Co., Freeport, IIl. 

Circle 745 on Page 19 


Transistor Transformers 


for rapid printed-circuit 
board mounting 


Two miniaturized transistor trans- 
formers, identified as Buds and 
Mites, are encased in drawn-steel 
cans with nickel-alloy leads on 
standard 0.l-in. spacings for rapid 
printed-circuit-board mounting. Bud 
is only 5/16 in. high and Mite has 


202 


3% in. diam. Total of 42 designs 
can be supplied in either style as 
standard units, and other variations 
are available on special order. Decco 
Inc., 2025 Farrington, Dallas, Tex. 

Circle 746 on Page 19 


Vinyl Magnetic Strip 
is now available in colors 


Koroseal vinyl magnetic strip, previ- 
ously available only in basic brown, 
is produced in nine standard col- 
ors and can be manufactured to 
meet any color specification. Vinyl 
paint coating becomes an integral 
part of the magnetic strip. Surfaces 
are nonstaining, can be wiped clean 
with a damp cloth, are nontoxic, 
and color-constant. Color includes 
white, black, yellow, orange, red, 
and two shades each of blue and 
green. B. F. Goodrich Industrial 
Products Co., Akron, Ohio. 

Circle 747 on Page 19 


Two-Way Lock Nut 


is ovalized to give 
180-deg spring 


Reusable, double-chamfered lock 
nut is designed for automatic ap- 
plication. Locking device of the 
nut is in the body of the nut so 


that greater locking power is as- 
sured when nut is mounted flush 
with end of bolt or when all threads 
are not used. Nut is ovalized to 
give 180-deg spring, and threads 
are deflected at point of lock so that 
nut can be locked in any position. 
Sizes No. 5 through 1'4 in. are 
available. MacLean-Fogg Lock Nut 
Co., 5535 N. Wolcott Blvd., Chi- 
cago 40, IIl. 

Circle 748 on Page 19 


Air Valves 


base-mounted units 
are only | 13/16 in. high 


Three and four-way air valves have 
full '4-in. ports. Low-priced valves 
contain 14-in. NPT air connects, 
are base mounted, and only | 13/16 
in. high. Three-way valve is de- 
signed to be used with a single- 
acting air cylinder, and four-way 
unit with a double-acting air cyl- 
inder. All working parts can be 


replaced without removing valves 
from line. Bimba Mfg. Co., 101 


Main St., Monee, IIl. 
Circle 749 on Page 19 


Adjustable Cam Assemblies 


miniature units have pin 


or clamp-type hubs 


Miniature adjustable cam assem- 
blies, designed for use in all preci- 
sion timing applications, feature 
positive locking at any predeter- 
mined operational setting within a 
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END CORROSION DAMAGE 
..-DESIGN WITH 
HIGH-DENSITY POLYETHYLENE 


Baxeuite high-density polyethylene 
gives 100% corrosion resistance with 
strength and molding ease 


Strong Plastic Housing for Sump Pump — Fostoria Corporation’s 
“Dynasumps,” designed for rigorous underwater service, are housed 
in covers molded from BAKELITE Brand high-density polyethylene 
DMD-6001. The cover-strainers are deep-drawn molded in one piece 


by Haas Corporation. 


Nothing to Corrode in This Cover —One-piece 
molding provides neat, tight-fitting cover with no 
screws, bolts, or nuts to vibrate, work loose or 
corrode. Drainage water and chemical detergents 
have no adverse effect on this completely corrosion- 
resistant component. 


Easy to Mold, Tough in Service —Toughness and 
rigidity are characteristics of parts molded from 
BAKELITE Brand high-density polyethylene. Mold- 
ing ease and flexibility go far in eliminating many 
common production problems. Result: a durable, 
smooth-functioning part that is resistant to water 
and most common chemicals. 





f a 
ONE-PIECE SOLID-WALL 
POLYETHYLENE 
PROTECTIVE COVER 


STRAINER AREA MOLDED 
INTEGRALLY IN 
RING-AND-ROD PATTERN 











TOP PROJECTION 
SHOWING WIRE VENT 
COLOR SIMULATES 
BRONZE 





BakE ITE and Union Cansive are registered trade marks of Union Carbide Corporation. 
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TYPICAL PROPERTIES OF DMD-6001 

Properties ASTM Test Typical Value 
Density, gm/cc D 1505 0.950 
Melt index, gm/10 min. 0 1238 2.0 
Tensile Strength, psi D 638 3,400 
Elongation, % D 638 45 
Secant Modulus 

(Stiffness), psi 
Hardness, Durometer “D” 


D0 638 
C 676 








Finding the right combination of properties needed in the product you're 
designing is made easier by the variety of BAKELITE polyethylene formula- 
tions now available. In addition to low, medium and high densities, you can 
choose one of the new polyethylene copolymers. Stress-cracking resistance, 
moldability, dimensional stability, toughness, flex life, rigidity-you can now 
specify the properties you require. 

Polyethylenes are only one group of BAKELITE Brand plastics—the others 
are epoxies, phenolics, styrenes, and vinyls—from which you may select. To 
help determine the one you could use to your best advantage, call on the 
technical experience and know-how of 
Union Carsiwe. Consult Sweet’s Product 
Design File, section 2a/ui. Or just mail the 
coupon below. 


UNION 
CARBIDE 


Union Carbide Plastics Company (Dept. KQ-84C) 

Division of Union Carbide Corporation 

270 Park Avenue, New York 17, N. Y. 

Please send me information about Baxexrre Brand Plastics for 
Design, with emphasis on these properties: 














| 
| 
| 
| 
| 
| 
| The type of application being considered is: 
| 
| 
| 
| 
L] 





Circle 517 on Page 19 





FREE reprints from |] DESIGN| 


Limited supplies of the following reprints of articles which 
have appeared in MACHINE DESIGN are still available at 
no cost. Circle the ones you want on the order form below 
and mail to Reader Service, MACHINE DESIGN, Penton 
Building, Cleveland 13, Ohio. 


1 How to Select and Apply TIMERS by W. B. Shinn, September 
1, 1960 (18 pages) 


Selecting and Specifying ORGANIC FINISHES by R. G. 
Murphy, June 9, 1960 (12 pages) 

CHOOSING THE RIGHT COLOR by Faber Birren, August 
6, 1959 (7 pages) 


CRITICAL SPEEDS SIMPLIFIED by F. F. Ferrary and John 
E. Nelson, August 18, 1960 (2 pages) 


DESIGNING WITH VINYLS by C. W. Bulkley, August 18, 
1960 (13 pages) 


How to Use FUNCTIONAL TOLERANCING by Reginald 
E. Stanley, September 1, 1960 (7 pages) 


How to MULTIPLY YOUR EFFECTIVENESS as an Engineer 
by Philip Marvin, October 13, 1960 (7 pages) 


SHELL-MOLD CASTINGS for Complex Shapes, Smooth Sur- 
faces and Intricate Coring, March 7, 1957 (7 pages) 


Charts and Equations for a Simplified Approach to HELICAL- 
SPRING DESIGN by J. Hirschhorn, February 19, 1959 (5 


pages) 


DESIGN OF HELICAL SPRINGS by Ray C. Johnson, Sep- 
tember 18, 1955 (6 pages) 


11 DESIGNING WITH NYLON by A. J. Cheney, March 8, 1956 
(7 pages) 

12 a GEARS by Thomas Barish, November 28, 1957 (5 
pages 


13 ELECTRIC MOTOR SELECTOR by MACHINE DESIGN’s 
Staff, July 24, 1958 (10 pages) 


l 1 HINE DESI re: aa ve as nage ay ‘ 


READER SERVICE 


Penton Building . fae = SS Ce 
Cleveland 13, O. 


NAME 





COMPANY 








city ZONE STATE 
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range of 0 to 180 deg. Machined 
from No. 303 stainless steel with 
clear passivated finish, assemblies 
are stocked in 0.1248, 0.1873, and 
0.2498-in. bore sizes, in pin or 
clamp-type hub styles. PIC De- 
sign Corp., 477 Atlantic Ave., East 
Rockaway, L. I., N. Y. 

Circle 750 on Page 19 


Miniature Switch 


for 14-in. mounting hole 


No. 30-16 push-pull switch with a 
life expectancy of over 100,000 cy- 
cles is 1.492 in. long. Available 
for Y-in. mounting hole, it has a 
“positive-feel” detent action with 
an audible click. Switch is main- 
tained in either position until suf- 
ficient actuating force is applied in 
the opposite direction. It is a push- 
on, pull-off action, single-pole, sin- 
gle-throw, normally open unit with 
butt contact. Switch is rated at 1 
amp, 115 v ac resistive, contact re- 


sistance 0.010 ohm. Base and but- 
ton are molded phenolic. Grayhill 
Inc., 561 Hillgrove Ave., LaGrange, 


Ill. 
Circle 751 on Page 19 


Servo Motor 


has no-load speed 
of 10,000 rpm 


Tiny Size 5 servo motor is designed 
for applications calling for mini- 
mum size and weight. Designated 
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In this 1960 LEWYT Vacuum Cleaner, Flexible Tubing does two important jobs: (1) it carries dirt, (2) it conducts electricity 


Proof that today’s designers can make 


Flexible Tubing do almost anything 


In the new Lewyt Vacuum Cleaner, Model 121, a motor- 
ized head revolves brushes that beat out and sweep up 
the dirt. How to get power to this Motorized Beater 
Sweeper — without unsightly wiring — posed a problem. 

Solution: Flexible Tubing’s “Vac-U-Flex” vinyl hose. 
It carries the dirt — and conducts the current through 
a unique double-coil wire reinforcement inside the hose 
wall. Neat... simple... efficient — and styled to match 
the machine. Perfect example of the design versatility 
you get with Flexible Tubing! 

Whenever the handling of air, liquids or light solids is 
a design problem, there’s a Flexible Tubing product that 


Flexible Tubing 


CORPORATION 


Anaheim (Los Angeles) * Guilford, Connecticut 
Hillside (Chicago) 
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can do the job! You can choose fabrics, coatings and sizes 
to fit your specifications. 

Flexible Tubing is at work today in diesel engines, 
electronic computers, farm combines, television trans- 
mitters and hundreds of other places. To find out what 
Flexible Tubing can do for you, just mail the coupon. 


Flexible Tubing Corporation, 
63 New Whitfield Street, Guilford, Conn. 


Gentlemen: 

I'm designing a new product [] I’m redesigning an old one [) 
One of my problems is the handling of air [) liquids [] light 
solids [] Could be Flexible Tubing can help me solve them. 
II’ give you 10 minutes to show me, to prove it. Phone for appoint- 
ment [] No problems right now. Send me literature for my files (] 
NAME. 

COMPANY ....... 

ADDRESS... aieinaisilalh Sancta 
ee ee 
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MACHINE 


The Ultimate in Universal 
Motor Quality— 
at Lowest Cost Available! 


So fine a motor, all mating surfaces 
are machined—not die-cut— 

for closest possible tolerance! 
Assures uniformity of air gap for 
minimum cogging, uniform output. 
For communications, hospital, 
dental, metering and hydraulic 
pump equipment, computors and 
other applications. 


Write today for complete details! 


Divisions: (7) Electric Motor Corp. 


eee eeeeeeeeeeeeeeeeesereees 
. 


© Cyclohm Motor Corp. 
HOWARD INDUSTRIES, INC. ¢ 1735 State Street ¢ Racine, Wisconsin 


UNIVERSAL & DC 


29-500 MOTOR 


1/12 TO 1/4 HP. 


eeeee 


DIAM. 3°" LENGTH 4''(" to 5'%)" 
H.P. Continuous: 

Series—1/6 @ 10,000 RPM 

Shunt or Compound—1/12 
Intermittent: 

Series—1/4 @ 10,000 RPM 

Shunt or Compound—1/6 

PEED: 


No Load: Series—15,000 RPM 

Shunt or Compound—12,000 RPM 

Full Load: Series—3,000 to 
10,000 RPM 


Shunt or Compound—1,000 to 
00 RPM 


10, 
VOLTAGES: 
Series—6 to 250V AC/DC 
Shunt or Compound—6 to 230V DC 


Circle 520 on Page 19 


© Loyd Scruggs Co. 
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G. W. DAHL « G. W. DAHL «+ G. W. DAHL «- G. W. DAHL - G. W. DAHL 


POSITIVE 
CONTROL FOR 
PROBLEM 
FLUIDS! 


If suitable barstock material is 
available, any problem fluid can 
be throttled or provided with 
positive on-off control. Dahl 
BANTAM Control Valves, fea- 
turing barstock bodies, handle 
any chemical fluid except liquid 
metals like sodium and similar 
fluids where excessive tempera- 
ture is a restriction. 

BANTAM features include ex- 
cellent flow characteristics, low 
hysteresis, and fast response. 
Offered in a wide selection of 


G. W. DAHL + G. W. DAHL + G. W. DAHL +: G. W. DAHL «- G. W. DAHL 


G. W. DAHL + G. W. DAHL - G. W. DAHL - 


206 


pneumatic operators and control 
positioners, standard models are 
rated at pressures up to 1000 psi 
at 450°F. Compactness, quality 
construction, and ruggedness 
also contribute to their virtually 
unlimited application versatility. 


REQUEST Catalog B-1 for 
complete data on these versatile 
valves . . . for positive control of 
your problem fluids! G. W. Dahl 
Co., Inc., 83 Tupelo Street, 
Bristol, Rhode Island. 


ow. DA FIL co. me. 


SPECIALISTS IN COMPACT VALVES AND CONTROLS 


Circle 521 on Page 19 
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Model 9005-1502-0, unit is 0.865 
in. long and weighs 0.6 oz. Pow- 
ered by 26-v, 400-cycle reference 
voltage, motor has a no-load speed 
of 10,000 rpm. Torque at stall reg- 
isters 0.1 oz-in., while rotor inertia 
is 0.18 gm-cm?, providing an ac- 
celeration at stall of 39,000 rad per 
sec per sec. Stainless-steel bear- 
ings, shaft, and housing, and use 
of Teflon for ixsulation, permit op- 
eration over an ambient tempera- 
ture range of —55 to +130C. 
Helipot Div., Beckman Instruments 
Inc., 2500 Fullerton Rd., Fullerton, 


Calif. 
Circle 752 on Page 19 


Germanium-Alloy Transistors 


for operation in —65 to 
+85 C temperatures 


New series of PNP germanium-al- 
loy transistors is available for ap- 
plications requiring high gain and 
low - noise characteristics. The 
2N1175 and 2NI1175A_ low-noise 
devices have minimum collector-to- 
base voltage ratings of 35 v, collec- 
tor-to-emitter minimum ratings of 
25 v, and minimum emitter-to-base 
voltage ratings of 10 v. Units have 
a typical collector-cutoff current of 
6 ma with a collector-to-base volt- 
age of 30 v. Devices are rated for 
operation in —65 to +85C tem- 
peratures. Semiconductor Products 
Dept., General Electric Co., Kelley 
Building, Liverpool, N. Y. 

Circle 753 on Page 19 


Two-Speed Transmission 


can be mounted 
in any position 


Right-angle reversing transmission 
with two speeds forward, plus re- 
verse and netural, Model P-334 is 
compact and weighs approximately 
14 lb. It can be mounted in any 
position. Lubricated with a high- 
temperature grease, unit is virtually 
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leakproof. Reduction in high speed 
is 2:1 and in low, 3.4:1. Maximum 
recommended input speed is 1800 
rpm. Forward, neutral, and reverse 
are controlled by shifter lever incor- 
porated in right-angle half of the 
transmission. Primarily designed for 
use on riding rotary lawn mowers 
using vertical engines with capaci- 
ties to 514 hp. Transmission is 
available with variations in assembly 
and components for use in other ap- 


— 
Ex 


plications. J. B. Foote Foundry Co., 
P. O. Box 2214, Ft. Dearborn Sta- 


tion, Dearborn, Mich. 
Circle 754 on Page 19 


Retaining Ring 


has high thrust load 
and impact resistance 


Truarc Series 5160 heavy-duty, ex- 
ternal-type retaining ring is de- 
signed for assemblies subjected to 
extreme loading conditions. Ring 
has high thrust load and impuct 
resistance and provides a_ high 
shoulder to retain parts having 
large corner radii or chamfers. It 
can be used without spacer wash- 
ers to secure ball bearings, tapered 
roller bearings, and cylindrical roll- 
er bearings. Ring can also be used 
to replace heavy-duty nuts, ma- 
chined shoulders, and other bulky 
fastening devices used to secure 
components on shafts, axles, and 
similar structural members. Ring 
currently is available in 11 sizes 


(Please turn to Page 210) 
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e 
the hallicrafters co. 
Leading Manufacturer of 
Electronic Equipment Reports... 


Left to Right: Jim Lawless, Hallicrafters’ Chief Drafts- 
man; Mark Pogue, Reproduction Department Head; 
Frank Krautsak, Bruning Representative. 


“Bruning helps, two ways, to meet 
Tight Government Deadlines!” 





“It’s the extras we get from people 
and equipment that help us meet 
tight government QRC* contract 
deadlines,” says Jim Lawless, 
Hallicrafters’ chief draftsman. 
“Bruning products and service are 
good examples. We’ve run our 
Copyflex reproduction machines an 
average of 77 hours a week. Yet, 
we’ve never had a delay because of 


*Quick Reaction Capabilities. 


Charles Bruning Company, inc. Dept. 3-W 
1800 Central Rd., Mt. Prospect, Iii. 

Offices in Principal U. S. Cities 

in Canada: 103 Church St., Toronto 1, Ont. 


machine failure, maintenance, or 
lack of materials. Another big extra 
has been the help of the Bruning 
Representative who has saved us 
many hours of work with every- 
thing from intermediates to electric 
erasers.” 

Why not make Hallicrafters’ 
experience your basis for investi- 
gating Bruning? 





____ (BRUNING) ___ 





Please send me information about your repro- 


duction and drafting products and service. 


Title. 

















State 
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NEW SUPER-TOUGH 
ORE HAULER USES 


HIGH-STRENGTH STEEL 


TO CUT DEAD WEIGHT AND 
STRETCH PAYLOAD CAPACITY 


This Lectra Haul M-55, made by Unit Rig and Equipment Co. of Tulsa, 
is now working in the open pit iron mines in Minnesota’s Mesabi range. In 
bone-freezing —40° weather, it can stand up.to the shuddering shock of 55 
tons of drop-ioaded iron ore, climb a 6% grade at 8.6 mph then dump those 
55 tons in a crashing, grinding 18 seconds. The quarry body that takes this 
loading impact and dumping abrasion in sub-zero temperatures is made of 
N-A-X TRA high-strength steel, with X-A-R Abrasion Resistant Steel for 


extra hardness and toughness in wear areas. N-A-X TRA also forms the 
structural members of the complete unit. 


Why N-A-X TRA? Because, pound for pound, it’s nearly three times stronger 
than ordinary steel. That means it’s strong enough to absorb severe punish- 
ment without constant maintenance, and light enough to handle the highest 
possible payload. In fact, the Lectra Haul payload is almost as much as the 
net vehicle weight itself, 


N-A-XTRA and X-A-R are doing the job where only the strongest steels 
will do. Easily formed and welded, they are making products stronger, 
lighter, longer lasting. N-A-XTRA fully quenched and tempered steel is 
available in four levels of minimum yield strengths, from 80,000 to 110,000 
psi. X-A-R steels are supplied in hardnesses from 360 to 400 BHN (or, by 
agreement, in a range between 265 and 500 Brinell). For full technical 
information, write Great Lakes Steel Corporation, Product Development, 
Dept. MD-1, P.O. Box 7310, Detroit 2, Michigan. 


NAXTRA 


A PRODUCT OF 


GREAT LAKES STEEL 


Detroit 29, Michigan 

















N-A-XTRA AND X-A-R STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 


Benedict-Miller, Inc. Joseph Demsey Co. Ducommun Metals & Supply Co. 
Lyndhurst, New Jersey Cleveland, Ohio Los Angeles, California 


Interstate Steel Co. Lockhart Iron & Steel Co. Marsh Steel & Aluminum Co. 


Evanston, Illinois Pittsburgh, Pennsylvania Kansas City, Missouri 


O’Neal Steel, Inc. Salt Lake Hardware Co. A.C. Leslie & Company, Ltd. 


Birmingham, Alabama Salt Lake City, Utah Montreal, Canada 
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Lectra Haul M-55; made by 

Unit Rig and Equipment Co., Tulsa, Okla. 
224,000 lbs. GVW 

110,000 lbs. capacity 


700-hp. 


4 wheel- 


diesel engine 
mounted electric traction motors 


Bottom, sides and front o} the Lec fra Hau 
mum 


ed of N-A-XTRA 100 (100,000 psi mini 


rom | 


thick and reinforced with cold-forme 


eng: >) rr 
thick N-A-X TRA 100. Wear areas of bottom, side 
were made of X-A-R Abrasion Resistant Stee 


thick, 388 Brinell hardness. Fabrication followed 


shearing, 
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gas culling and welding proce dures 


Look for the STEELMARK 


on the products you buy; place 
it on the products you sell. 


Great Lakes Steel is « Division of NATIONAL STEEL CORPORATION 
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NOISNAWIG Soc ri Pri 


oss Saves 35 
machining operations 


This target revolver barrel is now 
being made by the new Hitchiner 
Ceramic Shell technique of invest- 
ment casting. 7hirty-five machin- 
ing operations are eliminated! 
Theonly external finishing required 
is partial polishing. 

Investment casting may provide 
many benefits for you... choice 
of alloy... flexibility of design... 
improved parts performance... 
reduction of costs. Maybe one of 
your parts can be made better 


for less. Write for 


complete 
technical 
and facilities 
information. 


HITCHINER 


Milford 3,New Hampshire 
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for shaft diameters from 0.473 to 
2.0 in. Standard material is carbon 
spring steel (SAE 1065-1090), and 
standard finish is oil-dip. Truarc 
Retaining Rings Div., Waldes 
Kohinoor Inc., 47-16 Austel Place, 
Long Island City 1, N. Y. 

Circle 755 on Page 19 


Universal Tension Latch 


provides up to 
4 in, adjustment 


Adjustable - drawhook, universal- 
tension latch, designated 46L, 14 & 
23, is used on reusable shipping 
containers, transit cases, and for 
other general purpose latch require- 
ments. It provides up to ¥/ in. 
adjustment with an ultimate ten- 
sile strength of 1000 lb. Type 46L, 
14 & 23 is completely interchange- 


able, model for model, with fixed 
drawhook latches. Common pivot 
of both drawhook and handle pre- 
vents accidental opening due to vi- 
bration and shock or buckling and 
misalignment of container sections. 
When latch is fully open, draw- 
hook stows flat within the handle 
to protect it against damage dur- 
ing loading. Camloc Fastener 
Corp., 37 Spring Valley Rd., 
Paramus, N. J. 

Circle 756 on Page 19 


Silicon Readout Photocells 
read 10,000 characters per sec 


Silicon readout photocells provide 
response time of 5 to 20 mu sec 
and read 10,000 characters per sec- 
ond in perforated tape and punched- 
card data-reading systems. Cell 
series is available with five, six, 
eight, nine, or ten readout positions, 
with an active cell area per segment 
of 0.128 x 0.067 in. and center-to- 
center spacing of 0.087 in. Typical 
current generated is 350 mu amp 





shortest 
distance 
between you 


and 
RELIABILITY ! 


ELECTRIC co. 


division of 


INDUSTRIAL TIMER CORPORATION 


RELAYS 


FOR EVERY APPLICATION 
Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 


BLecTrRic co. 


division of 


211 River Street, Orange, N. d. 
Industrial Relays, Foot Switches, Buzzers, Coils 
Phone: ORange 2-8200 
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Most versatile 





transmission 
ever developed! 


ONLY ROTO-MISSION GIVES YOU 
ALL THESE FEATURES 


Concentric configuration 
Minimum size for a specified torque 
Reduction ratios up to 270:1 


Saas torque capacities for each reduction 
ratio 


Torques up to 21,850 lb.-ft. 
@ Requires neither driving pulley nor coupling 


Casehardened helical gears—ground after 
hardening for perfect engagement 


Reversible 


Progressive overload capacity to the extent 
that no_ breakage of _gears can result even 
from the severest abuse 


® *Ability to engage or disengage driving action 
—mechanically, pneumatically, hydraulically 
or electrically 


@ *Ability to provide load releasing, load limiting 
or overload alarm 


@ *Ability to provide 2-speed operation 


*Standardized accessories to provide these features are 
available for all sizes of Roto-Mission from stock. This 
results in a single responsibility for installation 


performance. 











PATENTED 





This new rotary transmission design combines a 
wide range of reduction ratios, high torque capaci- 
ties, and excellent space-saving characteristics to 
give you more application versatility than ever 
before possible. It is designed to be concentrically 
mounted on a machine drive shaft in place of 
the drive pulley and operate this shaft at a reduced 
speed from that of the driving motor. For maxi- 
mum compactness and convenience, all its parts 
are inside the casing. 

The standard accessories available for each 
model of Roto-Mission add even greater versatil- 
ity. Through them you have systems—from a 
single source—capable of control functions that 
previously required a number of unmatched units 
from several suppliers. 

Because of its versatility and sound engineering, 
Roto-Mission permits you to solve design prob- 
lems far beyond the range of other transmissions 
—may even permit incorporation of features in 
your machines that have not previously been 
possible. For complete information on this new 
product—how it operates and how it can help you 
—write today for catalog IR-61. 











® 
Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 
HILLSIDE 5, NEW JERSEY «+ Offices in Los Angeles and Dallas 


March 16, 1961 Circle 526 on Page 19 





NEW product 


rok 


NOW AVAILABLE - 
NEW SIZE H-44 
electro-magnetic 

DISC BRAKES 


Prompt 

Shipment 

\ Torque-3 Ib-ft. max. 
Weight-5' lb 


Exclusive 
Stearnetic 
unitized 
construction, 
and 

Visi- Wear- 
Indicator” 


ae 


gnow 3 a 
eo 


MORE TORQUE PER POUND... 
MORE TORQUE PER CUBIC INCH! 


THE NEW STEARNS “H-44’s” are spring set—solenoid 
released disc brakes that mount on NEMA “C”’ flanges 
of ‘40 frame’”’ fractional hp electric motors . . . provide 
fast, smooth, quiet stops—“‘failsafe” operation . . . com- 
bine higher torque with minimum size and weight. 


THE NEW STEARNS “H-44’s” are available for either 
AC or DC. . . in Standard, or Dustight-Waterproof en- 
closures . . . operate horizontally or vertically ... are also 
available with brackets for floor mounting. 

Specify THE NEW STEARNS ‘“H-44’s” with complete 
confidence—they have been fully life-tested, and Installa- 
tion-Proved for long, trouble-free, dependable operational 
life with a minimum of maintenance. 


Request Stearns New Product Preview 1-61-B 


oh 


vy 


AA 


wivipvy tii’ ‘ve AT 1O.N 
120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brokes — Clutch-Brokes 


SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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for 0.01 sq-in. of active cell area of 
1000 ft-c illumination. Interna- 
tional Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 
Circle 757 on Page 19 


O-Ring Seal Fittings 


for use at temperatures 
from —20 to +275 F 


High-pressure, O-ring seal-type fit- 
tings are available for leakproof, 
6000-psi water, oil, and gas service. 
Use of O-rings as a static seal as- 
sures positive sealing and eliminates 
leakage. Hand-tightening of unions 
provides reliable performance at 
temperatures from —20 to 275 F. 
Sizes range from 1/, to 21/4 in., both 
tube and pipe sizes, for tailpieces 
and mating thread pieces. Fittings 
are available in stainless steel and 
other materials, in female and male 
pipe and socket-weld configurations. 
They are also furnished to meet MS 


33514, AND 10050, and AND 10056 
specifications with union nuts to 
match. Kahn & Co. Inc., P. O. Box 
516, Hartford 1, Conn. 

Circle 758 on Page 19 


O-Ring Knob 


seals tubes with 
OD of 0.080 to 0.120 in. 


Miniature O-ring knob is available 
for use as an adjusting knob on 
sealed precision instruments such 
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CAPLUGS DIVISION, PROTECTIVE CLOSURES CO., INC. 
this 2201 Elmwood Ave., Buffalo 23, N. Y 


FREE MAIL a free assortment of Caplugs, literature and prices to us, 
without obligation. 


sample kit 

is filled with Rome 
product Title 
protection Firm 


ideas fer aii 
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molded of tough, 
flexible Polyethylene 
quickly applied 
and removed 
won't chip, break, shred, or collapse - 
é ‘ ; 
tf gee 
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extremely. 
. kind to threads 








The modern way to protect tubin 
fittings and machined parts in st 
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process and transit ... over 600 sizes 





You can be sure of 
Uniform Performance 
from O-M Cylinders 


ox 


ae \\ 


Internal Key Tie-Rodless Type 
. Series 1O1A, Air—150 psi-up to 

1500 psi Hydraulic. Fits where 

others won't. Bulletin 101A. 


Whether you operate O-M Cylinders, of the same 
psi rating, bore and stroke, singly or in sequence, 
each one will exert the same force, handle the 
same ‘work load, with the same precision. In 
addition, the direction of each stroke, length of 
each stroke as well as the time interval between 
cycles will be controlled to the same high degree 
of accuracy. As all parts and mounts of O-M 
Cylinders, of the same capacity, are micro-honed 
or accurately machined to the same close toler- 
ances, they are interchangeable and precise. 
Uniform operation is automatic. 


O-M Cylinders are available in a complete 
range of sizes (1'2" to 8” bores) with standard 
or heavy-duty rods. Complete line of interchange- 
able parts and mounts. Immediate delivery on 
most sizes. 


Coupon below will bring our latest bulletins 
showing construction and dimensional details, 
engineering drawings, capacity chart and mount- 
ing data for each O-M Air and Hydraulic Cylin- 
der, MAIL COUPON TODAY for your copies. 


Bulletin 101A for Internal Key Tie- 
Rodless type Air and Hydraulic Cylinders 
featured above. 

Bulletin 105A—|mproved Tie-Rod (Heavy 
Duty) Cylinders Hydraulic 2000 psi; 3000 
psi non-shock. 

Bulletin 107—Automation (Heavy Duty) 
Air Cylinder for 200 psi operation. 
Bulletin 108—Automation (Heavy Duty) 
Hydraulic Cylinder—for 1000 psi operation. 


ORTMAN-MILLER MACHINE COMPANY 
7 143rd Street, Hammond, Indiana 
Send Bulletins 
Oo Have representotive ["] 101A () 107 


1 
wa [) 105 [) 108 


Nome__ ed Se eR Si 


| LET are SRO ME wee: 


Address___ 
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as potentiometers, thermostats, and 
adjustable timers. Knob seals tubes 
with ODs from 0.080 to 0.120 in., 
providing rotating freedom, rotation 
accuracy, and waterproof protec- 
tion. It is resistant to vibration, 
can be used for either rotation or 
oscillation, and withstands pressures 
to 35 psi. Joseph Waldman & Sons, 
133 Coit St., Irvington, N. J. 
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Trimmer Potentiometer 


square unit is rated at 
1 w to 70C 


Series 5000 trimmer potentiometer 
is a 25-turn unit measuring 0.500 
x 0.190 x 0.500 in. Sealed to pro- 
vide protection against moisture 
and potting compounds, it features 
welded construction of all fixed 
connections. Rated at 1 w to 70C, 
potentiometer has an _ cperating 
temperature range of —65 to +150 
C. It is available in nine standard 
resistance values from 100 to 50,- 


000 ohms. Standard tolerance is 5 
per cent. Unit can be mounted 
individually or in stacked assem- 
blies. Dale Electronics Inc., Co- 
lumbus, Nebr. 
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Bar Switch-Light 
for palm-of-hand 
actuation 


Multipole, momentary-contact, bar 
switch-light, Series 34, is a light- 
weight, molded, panel-mounted bar 








MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circvits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


Se ‘Ties leome) ai14 i mie 


DIV. of “€ 
4 Godwin Ave., Paterson, N. J 


ARmory 4-8989 
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BEARING 
SURFACE 


ALUMINUM 


BRONZE iF 


i 
% 


DRIVE SHAFT 
(INPUT) 


SPECIAL COUPLING was designed by Lord 

for use with gear in diesel engine acces- 

DRIVE GEAR oo _— sory drive. It protects gears from dam- 

(OUTPUT) ‘ Cr :; age and wear by isolating 8° torsional 

TT ; inputs with 98% efficiency. Torque rating 
" is 16,500 in.-Ibs. at 850 rpm. 


DESIGN FOR SMOOTH POWER FLOW 


with custom-engineered 
Lord Flexible Couplings 


Lord Flexible Couplings accommodate 
all types of misalignment: 


| —— angular 
"Torsionally resilient couplings offer important operating advantages 
for many power transmission applications. Here’s what Lord can R ou oe 
give you in a special flexible coupling: aE parallel 
Custom design. Couplings can be designed to meet any specific 
requirements. They can incorporate any degree of flexibility in one c ; 

: 1: axial 











or more modes. Elastomers can be specially compounded to resist i 
extreme temperature and oil environments. 





Smooth power flow. Lord Couplings provide constant speed trans- . .. and isolate torsional vibration and shock: 


mission of power with no backlash. Torsional disturbances are 
efficiently isolated. Varying degrees of misalignment—angular, 
parallel, axial—can be accommodated simultaneously. 





Reliability. Simplified design—no gears, seals, bearings or metal-to- 
metal contact—assures long service life. Resilience protects driven 
equipment from damaging inputs and extreme overloads. 


Special features. Torque capacities from inch-ounces to foot-tons. 
Permanently quiet operation. Attenuation of shaft-borne noise. No 
lubrication or maintenance. Minimum size for given horsepower. 
Optional fail-safe protection. 


Package assembly. All these features can be incorporated in a special FIELD ENGINEERING OFFICES 


coupling designed by capable, experienced engineers. Your custom ATLANTA, GEORGIA - CEdar 7-9247 LOS ANGELES, CAL. - HOllywood 4-7593 
. ° ° oe BOSTON, MASS. - HAncock 6-9135 NEW YORK, N. Y. (Paramus, N. J.) 
couplings will arrive precision produced, fully tested, ready to do CHICAGO, ILL. - Michigan 2-6010 New York City BRyant 9-8042 
. DALLAS, TEXAS - Riverside 1-3392 Paramus, N. J. - Dlamond 3.5333 
your job. DAYTON, OHIO - BAidwin 4-0351 PHILADELPHIA, PA. - PEnnypacker 5-3559 
DETROIT, MICH. - Diamond 1-4340 SAN FRANCISCO, CAL. - EXbrook 7-6280 


Get more details from your nearest Lord Field Engineering Office ee Se, . ee ae 


° “In Canada — Railway & Power Engineering Corporation Limited” 
or the Home Office, Erie, Pa. LORD MANUFACTURING COMPANY - ERIE, PA. 
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Forging 


15 STEPS 
~ ELIMINATED 


by BRIDGEPORTS new 
Cored Forging Method 


Originally, a casting requiting heavy 
cutting,a tube, a web plate and 3 rivets 
were required. Now a one-piece brass 
cored forging is polished and plated 
without machining—and the blanked 
out web provides the cap. 

This stanchion socket benefits from 
5 common Cored Forgings advantages. 


no draft, 1.D. or O.D. 
denser, stronger grain 
less machining to finish 
less assembly required 
thinner walls or sections 
better appearance 
multiple coring 

lower cost plating 

less scrap/rejects 





























Which of these process savings or 
product improvements would apply to 
your part or assembly? Write for de- 
scriptive brochure...or send your parts 
or drawings for our evaluation...to: 


CORED FORGINGS DIVISION 


BRIDGEPORT 


BRASS COMPANY 


1000 Connecticut Ave., South Norwalk, Conn. 
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switch intended for palm-of-the- 
hand actuation. Plunger can be 
depressed at any point on the lens 
surface without tilting or binding. 
Light utilizes standard keyboard 
switch mechanisms available in a 
variety of normally open and nor- 
mally closed contact arrangements. 
Dual independent lamp circuit pro- 
vides even distribution of light 
across the entire surface of the 3 x 
34-in. molded lens. Lens snaps 
in and is easily removable for re- 
bulbing from the front. It is avail- 


able plain or engraved in red, 
white, green, and yellow. Pendar 
Inc., 14744 Arminta St., Van Nuys, 
Calif. 
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Precision Relay 


tiny unit has 
100 mw sensitivity 


Dyna-Mite precision relay is 0.2 x 
0.4 x 0.6 in. and has a volume of 
0.048 cu in. Sensitivity is 100 mw. 
Weight of the hermetically sealed 
unit is 0.1 oz maximum. Relay re- 
sists vibration of 20g to 2000 cps 
and shock of 100g. It operates 
without variation over ambient 
temperature range of —65 to +125 
C at pull-in current of 7 ma maxi- 
mum for 2000-ohm coil, 18-30 v 
rating. Relay is a current-sensitive, 
single-pole, double-throw type. Coil 
resistances available are 500, 1000, 
and 2000 ohms, in voltage ranges 
of 12, 16, and 18-30 v. Two mount- 
ing styles are available, in addition 





GENERAL INDUSTRIES 


SMOOTH 
POWER 


AC MOTORS 


pack more power into 
less space-give dependable 
trouble-free service! 


Standard Line 

AC Induction 
Motors from 
1/1800 to 1/35 H.P. 


In any industry, extra 
care in manufacturing 
means an extra margin 
of dependability. No- 
where else is this 
“extra” so important as 
in the manufacture of 
motors — for a product 
is only as good as the 
motor that powers it. 


General Industries’ com- 
plete manufacturing fa- 
cilities mean economy, 
too as well as on-time 
delivery. For any frac- 
tional h.p. requirement 
you'll always be right 
when you specify G.I. 





See Our Catalog in 


SWEETS 
7a-Gen 





or write for copy 








Quantity Price Quotation 
On Request 


THE GENERAL INDUSTRIES co 


DEPARTMENT GK * ELYRIA, OHIO 
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The Lane Furniture Company of Altavista, Virginia, broke its cedar chest produc- 
tion line into groups of operations for air-automation. One of the many circuits, 
shown here, was designed with quality Schrader components to brand the chest tops 
with a trademark, bore hinge recesses, and perform vertical and horizontal gang 
drilling operations. All three jobs are completed in less than 30 seconds! 


sai tee? 3 


7 
4 

| 
+ 

{ 

| 

R 


| 
| 
| 


i 
$$}. 4 
+— —t 





4. 
| 




















< Schrader air cylinder pulls 
gauge mechanism clear and 
releases finished piece to con- 
veyor. Electrical RAISE signal 
comes from switch that indi- 
‘ | SS ons Smee Senee GAE Meee ===> +E : cates step 4 completed. As 

}__iy mts | ae js) 8 | | | | soon as completed piece is 
clear, another switch actuates 
LOWER coil of double solenoid 
valve. 
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CLAMP | , , Joe clamp when electrical signal 
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- i neck wa from switch on gate indicates 
] ipo * TT “san t ps that new piece has been con- 
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| veyed into proper position. 
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SINGLE. 
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3. Typical boring head is 
operated by pull-type single- 
acting cylinder. Electrical sig- 
nal comes from switch on side 
clamp stop. 

















4. Individual cylinders apply 
branding heads. Cycle starts 
with side clamping. Length of 
branding cycle is controlled by 
electric timer. 
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MANUFACTURER AUTOMATES PRODUCTION 
LINE WITH SCHRADER AIR CIRCUITRY... 
COMPLETES 3 JOBS IN 30 SECONDS 


If your plant has production lines too long, unwieldy and each group in sequence. This company did, and now has ver- 
costly to compete effectively, take a tip: Break your entire satile, fast,and economical production. You already have air. 
manufacturing sequence into logical groups of jobs. Then Expand its uses with versatile Schrader Air Products and 
develop air-powered and air-controlled machines to perform discover true efficiency. 

There is a fully stocked Schrader Distributor nearby . . . staffed with experts to help you solve any air circuitry problem. Consult the Ye‘low Pages or write: 








A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
476 Vanderbilt Avenue, Brooklyn 38, N. Y. 





eo divisionof SCOVILL 








QUALITY AIR CONTROL PRODUCTS 
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HOW 10 & 
SAVE MONEY | 


| Design for rivets. Use their adaptability 
not only for assembly, but for electrical 
contacts, pivots, inserts in molded materials, 
fastening a number of parts in one operation, 
joining metallic and nonmetallic parts together, 


or to each other. 
i f Plan on high speed assembly. Riv- 
eting is a high speed operation, 
and even manually operated machines include 
automatic hoppers. The uniform quality and 
strength of Milford semi-tubular, tubular, split 
or compression rivets permits the use of high 
speed production equipment by unskilled op- 
erators. 


| j f Count on a positive joint. A riv- 
eted joint can be visually in- 


spected, an advantage not to be overlooked 
when compared to many other methods of 
fastening. 


T\ A Use Milford’s “five plant” fa- 
cilities. Each Milford plant is 


strategically located to serve the important in- 
dustrial areas of the U.S. Order and get Milford 
Products when and where you need them. 


Have uninterrupted production 

with Milford rivet-setting ma- 
chines. Used singly, or in economical “multi- 
ples”, where you set more than one rivet with 
no increase in labor or handling costs, Milford 
rsiveters, setting Milford rivets, are the surest 
way to lowest in-place assembly cost. 


MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT HATBORO, PENNA. 
ELYRIA, OHIO * AURORA, ILL. * NORWALK, CALIF. 
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to the hermetically sealed enclosure. 
Control Dynamics Corp., 7420 Ful- 
ton, North Hollywood, Calif. 

Circle 762 on Page 19 


Spray Nozzle 


provides automatic 
clean-out of orifice 


Model 8651-1/4JAUH automatic 
hydraulic spray nozzle incorporates 
clean-out needle that automatically 
cleans the orifice with each on-and- 
off cycle of the nozzle. Each time 
valve closes, clean-out needle moves 
through orifice opening to clear out 
any solid residue that might ad- 
here. Compressed air is used to 


actuate the valve. Precision air- 
cylinder-actuating mechanism is op- 
erated at any speed up to 180 cpm. 
Orifice tips are interchangeable. 
Spraying Systems Co., 3274 Ran- 
dolph St., Bellwood, IIl. 
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Pushbutton Switches 


illuminated units have 
square button design 


New illuminated push-push switch- 
es include two lines: Scries 15000, 
illuminated, nonlock units that can 
be converted to push-to-lock, push- 
to-release function; Series 15000L, 
illuminated pushbutton switches 
with push-to-lock, push-to-release 
function, convertible to momentary 
action. Switches feature a square 
button design which provides side 
and front illumination and a large 
area for engraving identification. 
Buttons are keyed in any of four 
planes for vertical or horizontal 
switch frame mounting. Three 
| lamp voltages available are 6 v, 28 
| v, and neon (115 v ac). Each 








HOW CURTIS 
SOLVED A CLOSE 
CENTER-TO-CENTER 
PROBLEM 


The close center-to-center spac- 
ing of these drive spindles on a 
Sutton-Maust Precision Backed- 
up Roller Leveler created a 
tough problem for its manu- 
facturer. He needed a_ uni- 
versal joint strong enough to 
stand up under heavy rolling 
mill conditions, yet small enough 
to operate at such close quarters. 

The answer was a Curtis uni- 
versal joint! The maximum load 
carrying capacity and minimum 
torsional deflection of the Curtis 
joint was found to be completely 
satisfactory. And Curtis’ fa- 
mous Telltale Lock Ring con- 
struction permits quick disas- 
sembly for easier maintenance. 

This is just one of the many 
power transmission problems 
solved by Curtis universal joints 
— size for size the strongest uni- 
versal joints designed for indus- 
try. Selected materials, preci- 
sion engineering, and 40 years’ 
experience manufacturing uni- 
versal joints exclusively make 
them that way. 


WRITE FOR THE NEW 
CURTIS CATALOG, JUST 
PUBLISHED 


eee ow oe oF oe oe oe ow oe oe ee ee ee ee 
14 sizes always in stock ¥%” to 4” O.D. 


Not sold through distributors. Write direct 
for free engineering data and price list. 


(of URTIS 


OF 
MARK 
UNIVERSAL JOINT CO., INC. 
53 Birnie Ave., Springfield, Mass. 
As near to you as your telephone 
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switch frame has two tapped screw 
holes for convenience of panel 
mounting. Switches can be mount- 
ed on %-in. centers. Switchcraft 
Inc., 5555 N. Elston Ave., Chicago 
30, Ill. 
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Polycarbonate Resin 


has high luminous 
transmittance values 


Color stabilized Lexan 101 polycar- 
bonate resin has excellent physical, 
electrical, and chemical properties 
of earlier grade, but exhibits lu- 
minous transmittance values 5 to 
10 per cent higher because darken- 
ing during processing and molding 
is prevented by color-stability ad- 
ditive. Applications for the new 
material include electrical and elec- 
tronic housings, aircraft instru- 
ments, light diffusers, and other 
components where transparency 
and translucency are important. 
Color stability permits more wide- 
spread use of regrind material, and 
simplifies the production and 
matching of colors. Chemical Ma- 
terials Dept., General Electric Co., 
Pittsfield, Mass. 
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Panel-Wireway System 


of high-impact, 
rigid-viny! plastic 


“Ball-and-socket” feature in new 
l-in. panel-wireway system permits 
quick application or removal of 
cover. Cover has a socket that is 
molded into each of its sides. Each 
socket snaps firmly into a respec- 
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New round end General Electric 
glow lamps for better viewing 
... and better looking indicators! 


Viewing Angie 
ee 


wider Viewing Angle 


New 
Rounded 
End 


Formed 











New shape of the Round End Glow Lamp brings its electrodes nearer to the 
end of the bulb—giving it a much wider viewing angle when flush mounted 
(see illustration above). And if the Round End Glow Lamp is placed beneath 
translucent material, the lighted area has a more uniform appearance. 
The rounded end of clear-glass gives a distortion-free light when viewed 
end-on from any angle. Because of its smooth round end, this lamp can be 
used as a protruding element, thus improving 
the appearance of the panel. 
New General Electric NE-2M (for standard 
brightness) and NE-2P (for high brightness) 
Glow Lamps are more thoroughly described in the engineering data sheet, 
#3-9289. For your free copy, write: General Electric Company, Miniature 
Lamp Department M-112, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 
GENERAL @ ELECTRIC 
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SYNPRO-TEX 


Speed Detectors 
Control 


Pats. & Pats. Pend. 

In one of the many and varied ap- 
plications of TORQ speed detecting 
devices, a single SYNPRO-TEX speed 
detecting governor is used in a washer- 
drier appliance to . . . (1) reduce 
vibration by balancing clothes load. 
(2) Provide more thoroughly dried 
clothes. (3) Reduce wrinkling. The 
SYNPRO-TEX governor automatically 
cuts out the motor above 1G, switches 
it back on below 1G for approx- 
imately 20 cycles. 

SYNPRO-TEX governors are “fric- 
tionless”, snap-acting, centrifugal 
switches . . . actuated by speed only, 
accurate to 0.25% at speeds from 
0 to more than 15,000 rpm, for over 
1,500,000 cycles of uniform operation. 
TORQ governors can detect speeds 
dependably and economically on any- 
thing from rotating rat-traps to guided 
missiles. What’s your problem? 

MISSILES 
: : Control of rotational 
~ . speed for ballistic 
YY * accuracy. Protection 
and control of com- 
ponents. Ask for Bull. 
260. 
GAS BURNERS 
Fuel control for safety 
in starting and oper- 
ation. Blower protec- 
tion. Ask for Bull. 265. 
GAS ENGINE 
GENERATOR 
SETS 
Automatic switching 
of cranking cycle. 
Overspeed protection. 
Ask for Bull. 264. 
These uses illustrate a few of the 
many ways to increase operating 
reliability or reduce costs with 
TORQ speed detecting control. 


ORQ 


ENGINEERED PRODUCTS, INC. 
26 West Monroe Street Bedford, Ohio 
Phone: BEdford 2-4100 
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tive ball on each panel wireway 
side. Cover stays on even when 
overloaded. High-impact, _ rigid, 
vinyl-plastic material is nonflam- 
mable and withstands temperatures 
to 165F. ECP Corp., 4726 Supe- 
rior Ave., Cleveland 3, Ohio. 
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Laminated Solenoids 


are available in 
three sizes 


Super-T redesigned solenoids are 
laminated units available with 
moisture-resistant, moistureproofed 
coils, or with coils completely en- 
capsulated in epoxy resin. Three 


sizes are available for use in busi- 
ness and commercial machines, au- 
tomation equipment, vending ma- 
chines, and small machine tools. 
Dormeyer Industries, Dept. MD-1, 
3418 N. Milwaukee Ave., Chicago 
41, Ill. 
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Pinpoint Lens-Holder 


adapts photoelectric scanner 
to tiny parts and movements 


Lens-holder and tunnel aperture 
can be used on either light-source 
or the photocell of miniature pho- 
toelectric scanner. When used on 
photocell, unit provides a narrow 
field of vision that enables the 
scanner to detect small objects over 
distances to 10 ft and movement as 
low as 0.001 in. for slow-moving 
objects near the photocell. It also 
minimizes the effect of ambient 
light. When used on the light- 
source, unit produces a_ small, 
sharply defined round spot of light 
which enables the scanner to de- 
tect objects only 0.010 in. diam or 


FROM DESIGN TO 
PRODUCTION LINE 
QUICKLY WITH 








ALUMINUM 
and GREY IRON 
CASTINGS 


Your design becomes a practical 
reality with superior castings 
from Gillett & Eaton, nationally 
known piston manufacturers. 
High alloy grey iron castings, 
aluminum and hypereutectic 
alloys in sand, semi-permanent 
or permanent mold. Complete 
pattern shop, tool room, x-ray 
and heat treating facilities, 
modern laboratory and piston 
machining facilities. Quality 
castings to your specifications— 
at a competitive price. Write for 


our quote. 


GILLETT & EATON, Inc. 


860 Doughty Street, Lake City, Minn. 


Sold in Canada by 
Gould National Batteries of Canada, Ltd. 
Fort Erie, Ontario 


Piston and casting specialists 


Established 1868 
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to tell you It’s 
worry- proofed 
at the factary 


Other spring fasteners may look like Tinnerman 
SPEED Nuts. But only the T-marked ones really are 
SPEED NUTs... really are “Tinnermans”. . . made to 
highest quality and precision standards to assure 
worry-proof performance on your assembly. 

Here’s what the exclusive Tinnerman T-mark 
means to fastener users : 

Over thirty-five years of Tinnerman experience as 
the originator and largest producer of spring-steel fas- 
teners...the leader in solving your fastening problems, 

Outstanding fastener design and production experi- 


ence that assures you the best possible design of SPEED 
Nut, whether it is a special SPEED NUT or one of the 
10,000 SPEED Nut brand fasteners presently available, 


Stringent control of SPEED NuT quality from coil 
strip to you, including die design, production, heat 
treatment and finishing. 


Be sure you specify “Tinnerman T-marked SPEED 
Nuts” that give you better fastening, that cut parts 
and assembly costs, that never let you or your cus- 
tomer down. Tinnerman Products, Inc., Dept. 12, 
Box 6688, Cleveland 1, Ohio. 
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REGULATORS — 


Constant 


Speed 


)peration 


regardless of load! 


At a cost comparable to an ordinary restrictor 

or needle valve, you can have pressure- 

compensated flow control in your hydraulic 

circuits, 

Rated for pressures to 3000 p.s.i. 

Wide range of sizes available—” to 1%” 
N.P.T.F. and 4%” to 1” S.A.E. tube. 

Flows to 100 g.p.m. can be controlled. 

Factory-calibrated and tested to +10% tol- 
erance. Closer tolerance available. 

Require little more space than pipe or tube 
in which installed 


} Trouble-free in operation—tens of thousands 





SBRRBAVAABAASs wr 


Unit senses pressure drop across precise | 


|  Conperled Laminate 


orifice and reacts to control flow with 
desired limits. 


Send today for 
new Catalog 1002. 


w-61os 


725 Custer Ave., Evanston, Ill. 
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to follow lines in a tracing opera- 
tion. Farmer Electric Products Co. 
Inc., 2300 Washington St., Newton 
Lower Falls, Mass. 
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Visual Indicators 


need no heating power 


Line of gas-filled visual indicators 
and cold-cathode trigger tubes (in- 
cluding numerical-display types) is 
available for applications in com- 
puters and industry. Trigger tubes 
need no heating power, therefore re- 
quire no warm-up time for opera- 
tion. Inoperative during stand-by 
periods, they have very long life. 
Included in the line are many 
unique types, such as Type Z7OU/ 
7710 subminiature trigger tube, 
suited for printed-circuit applica- 
tions, numerical-display tubes de- 
signed for transistorized circuits, and 
selector and counter tubes that do 


\ 


not require interstage amplifiers. 
Semiconductor & Special Purpose 
Tube Div., Amperex Electronic 


: ere 230 Duffy Ave., Hicksville, 


L. L, N, ¥. 
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for microwave 
printed circuitry 


| Tellon 3A copper-clad laminate is a 
| completely isotropic material with 
| a low dielectric constant of 2.36 
| +0.01 and a dissipation factor of 





Example 


...0f B&P capability 
to make lightweight 
metal assemblies for 
electronic equipment 


Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements. 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include... . 
® cooler plates * radar reflectors 
* communication equipment covers 
® radar reflector bases * equip- 
ment housings ® tripods * radar 
plotting meenpunnne ¢ shelters 
® transit cases ® gun fire control 
housings and turrets 
When you need lightweight 
products or assemblies for elec- 

tronic equipment, take 
advantage of B & P’s ex- 
perience and capability. 


BROOKS & PERKINS, INC. 
1940 W. Fort St., Detroit 16, Mich. 
Offices in Washington and New York 
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0.0002. Intended primarily for mi- SPECIFY 7, 2 US 4 


crowave and UHF printed circuitry, 
it exhibits excellent moisture and | CUSTOM-ENGINEERED 
chemical resistance. Minimum peel | 
strength is 5 lb-in., and nominal | ELECTRIC MOTORS 
strength is 15-20 Ib-in. Material | : 
can be cold punched, drilled, and 
machined as required. Eyelets can TO MEET YOUR SPECIFIC OPERATING AND PACKAGE REQUIREMENTS 
be set either flush or below the sur- 
face without danger of cracking the | ,» MINIMUM ENVELOPE SIZE COORDINATED FRAME DESIGN 
laminate. It can be soldered by 
conventional techniques, including 
roller-coating. Operating tempera- air-gaps, compact brush rig- 
tures are 250 F continuous and 500 gings, recessed armature end 
F intermittent. Laminate is avail- turns . . . keep Pesco motor ; é ; 
able in sheets to 14 x 18 in. with sizes to a minimum. weight ratios. Basic motor 
thicknesses from 0.020 to 0.125 in. diameters range upward from 
It can be clad in any weight copper, 1.25 inches. 
both sides; standard is 2-oz copper. 
Military Electronics Div., Tell Mfg. 
Co., 520 Cary St., Orange, N. J. All rotating components . . . 
Circle 770 on Page 19 

fans, rotors, shafts . . . are fied models, high operating 

dynamically balanced—indi- apende . . . theas iatawee cnn- 


Custom Harnesses vidually, and as complete tribute to more horsepower 
assemblies. per pound in Pesco motors. 





Extremely tight windings, low Standard coordinated frame 
sizes . . . custom-adapted to 
specific power requirements 
. . . give high horsepower-to- 


DYNAMICALLY BALANCED 

COMPONENTS Mw LIGHTWEIGHT PACKAGE 
Cast aluminum end bells and 
bases, hollow shafts on speci- 


for high-temperature use 
MIL SPEC DESIGN 


Pesco axial flow fan rotors one seo som ly AC, 
al ovide exceptional aerody- are ; built to the poste 
namic cooling . - - assure eX- standards of Mil-M-7969 and 
tended motor life and efficient Mil-M-8609. When ordered, 
operation at elevated tem- any Pesco motor will be quali- 
peratures. fied to these specifications. 


sy nb EXCLUSIVE COOLING ACTION 





Horsepower Range Motor 0D Weight 





Custom-made harnesses are manu- 
factured from Teflon TFE-insulated 
Multi-Tet ribbon cable. Abrasion 
and corona-resistant cables are also 
available. Harnesses can be used 
at high temperatures and in corro- 
sive environments, Any combina- 
tion of wire sizes, conductors and 005 to 5 (cont) ve 
color-coding is possible. W. L. Gore 3 to 15 (int) sedate PS We. 
& Associates Inc., 555 Paper Mill 

, DC MOTORS 
Rd., Newark, Del. 


Circle 771 on Page 19 
Retaining Spring Clips = .003 to .09 1.25 to 1.68” 4.8 to 12 oz. 


| MINIATURIZED 
for socket-mounted transistors AC AND DC MOTORS 


Uo sr errr mere ie 


.018 to 20 2.2 to 8.25” 8 to 90 Ibs. 


AC MOTORS 




















Two retaining clips for socket- 
mounted TO-5 and TO-9 series | 
transistors comply with military re- | 
quirements for retention of plug-in | 
devices. Designated 3B-714-1 and | 
3B-714-2, clips provide positive | 
spring-pressure retention on tran- | 
sistor case top and easy access for | 

aerview,.. “Tymmalotor socket: moeunts | 39 te eee 


PESCO PRODUCTS DIVISION ee 
BORG-WARNER CORPORATION 


Dept. D-3 24700 N. Miles Rd. 


Bedford, Ohio pepe 


Please send me complete Street. 
information about Pesco 
Electric Motors. ORR sisi iteeczeass MND SII = 
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put power where you want it 


Flexible shafts give the designer important new freedom 
in transmitting rotary power or control between two points. 
They enable you to position your power source and your 
driven part to best advantage . . . without worrying about 
obstructions, vibration, shock or alignment. 

Even if the components are in relative motion to each 
other, you can still transmit power smoothly and eco- 
nomically. 

Flexible shafts also reduce manufacturing costs . . . use 
fewer parts ... eliminate cumbersome gears, drives, cou- 
plings, universals. With rigid connections gone, alignment 
and tolerance problems fade away, and installation is 
a snap. 

Whatever your rotary transmission problem, there is a 
good chance that one of S. S. White’s flexible shaft lines 
can solve it... Standard, Pre-Engineered, or Custom- 
Designed flexible shafts. 


S. S. WHITE INDUSTRIAL DIVISION, 
DEPT. 4, 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


AM hte 
| 
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to chassis by screw or rivet. Lock- 
ing tab on the clip positions it and 
prevents twisting. Two heights 
are available for transistors with 
mounting-height dimensions of 
13/64 and 21/64 in. Material is 
beryllium copper per QQ-C-533 
with a silver-plate finish. Indus- 
trial Div., Birtcher Corp., 745 S. 
Monterey Pass Rd., Monterey Park, 
Calif. 

Circle 772 on Page 19 


Miniature Motor 


is governed to tolerance 
of +l4 per cent 


New 1!4-in. P.M. or reversible 
series motor combines motor, gear 
train, governor, and noise filter in 
a single package. Unit provides a 
life expectancy of 1000 hr without 
maintenance, and can be governed 
within +14 per cent. Motor meets 
MIL-M-8609 (ASG) requirements 
for vibration, salt spray, fungus, hu- 
midity, and other environmental 
conditions, and operates over an 
ambient temperature range of —65 


to +200F. It produces 1/75 hp 
from an input voltage of 22-31 v 
de. Maximum current is 0.85 amp, 
and speed is 18,500 rpm at 26 v de. 
Electro-Actuators Div., Omega Pre- 
cision Inc., 757 North Coney Ave., 
Azusa, Calif. 


Circle 773 on Page 19 
Multiple-Unit Valves 


for use on 
mobile equipment 


CMI11 series multiple-unit valves 
are designed for use on multiple- 
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operation mobile machinery such 
as materials-handling and construc- 
tion equipment. They are avail- 
able in any number of sections up 
to ten, with individual load checks 
in each section, and are rated for 
operation to 2500 psi. Valves are 
nominally rated at 15 gpm; higher 
flow rates are possible with pressure 
drops acceptable to the user. Other 
features include improved meter- _ 
ing, reduced leakage from cylinder [& | 
S), 
a” Alli: 


FOR MISSILES, ROC} 


RACINE 


to tank, improved detents, and com- 

pact size. Vickers Inc., Div., Sperry 

Rand Corp., Detroit 32, Mich. 
Circle 774 on Page 19 


Mercury-Wetted Contact Relay 


has minimum operate time of 
3 millisec with 2-w coil input 


Series V51 mercury-wetted contact 
relay is adaptable to computers, 
data-processing equipment, and 
machine-tool applications. High- 
speed relay is capable of high-power 
or low-level operation. Relay con- 
sists of a contact assembly mounted 
and sealed in a glass capsule, an 
operating coil, and a steel housing 
with an eight-pin octal plug. Switch 
capsule is enclosed by the coil, is 
thus located in the magnetic field 
set up by the coil. Minimum op- 
erate time of the single-capsule re- 
lay is 3 millisec with a coil input oi ING, WOOQDWO 
ab eedeeiidaale 2w. Release me FOR OTe aoeenn. SEO MAN 
is about 3 to 314 millisec under all 4h —_ 
é 








conditions of coil input power. 
Switch capsule can be driven at 


Racine Hydraulics & Machinery, Inc. 


RA CUM €, W 1 $ €°O NS 228 
HYDRAULICS DIVISION 





March 16, 1961 Circle 545 on Page 19 





“a 


TRANSFER MACHINE BUILT BY 
BUHR MACHINE TOOL CO., 
ANN ARBOR, MICHIGAN 


Automated 
GIANTS like this 


REQUIRE STRONG HYDRAULIC 


HEARTS every MINUTE OF 
THEIR WORKING LIFE 


The precisioned flow control of 

RACINE PUMPS assures the split- 

second timing and efficiency required 

to operate this complex Buhr Transfer 

Machine . . . custom-built for the com- 

pletely automatic machining of 120 auto- 

cylinder heads hourly for a leading auto- 
motive manufacturer. Compact RACINE 
VALVES control feeds and reverse movements 

on all 323 operations performed by the 
machine. RACINE 4-way sOLENODs help one 
man operate this mechanical giant. Buhr has 
used RACINE PUMPS and Reservoir Units on custom- 
built machines for the automotive industry for 
over 10 years. 


Racine Hydraulics & Machinery, Inc. 


aa eS 2-N Ee, Wis oon st a 
HYDRAULICS DIVISION 
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speeds to 100 operations per sec. 
Relay switches 250 v-amp loads 
with maximum of 5 amp, 500 v. 
It has an operating sensitivity of 
250 mw, minimum. Relay has 
1.105 in. diam and is 3.196 in. 
high. Automatic Electric Co., 


Northlake, IIl. 
Circle 775 on Page 19 


Ball Knobs 


are available in 
several sizes 


Plastic ball knobs with diameters 
of 34, 1, 13%, und 1% in. have 
tapped brass inserts. One thread 
size is available in the smallest di- 
ameter. Four thread sizes are fur- 
nished in the l-in. diam, four sizes 
in the 134-in. diam, and three sizes 
in the 17%-in. diam. Northwestern 
Tools Inc., 117 Hollier Ave., Day- 


ton 3, Ohio. 
Circle 776 on Page 19 


Printed-Circuit Connectors 
in 4 to 38-contact units 


Expanded group of right-angle, 
printed-circuit connectors in several 
series is available in a variety of 
molding compounds. The plug- 
and-socket connectors are furnished 
in contact sizes from 4 to 38. All 
dip-solder to a printed circuit board 
at right angle to the plug and re- 
ceptacle contacts. Terminations in- 
clude solder cups, turret terminals, 
wire-hole solder lugs, or taper-pin 
terminations for solderless wiring. 
Pin contacts are brass and stain- 
less steel, gold plate over silver 
plate. Socket contacts are phos- 





NEW PARTS AND MATERIALS 





phor bronze with gold plate over 
silver plate. Electronics Div., De- 
Jur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y. 
Circle 777 on Page 19 


Angle and Y-Strainers 


revised line is for 
heavy-duty use 


Revised and expanded line of Y- 
strainers and a_ block-steel angle 
strainer are now available. No. 530 
and 530-G Y-strainers are suitable 
for all steam, water, air, oil, or gas 
applications. They protect traps, 
regulators, meters, and other equip- 
ment from foreign material. Fol- 
lowing materials and sizes are avail- 
able: Semisteel, 14 through 3 in.; 
ductile iron or cast steel, 34 through 
2 in.; bronze or stainless steel, 11/4 
through 2 in. Stainless screens are 
standard for all strainers. No. 532 
block-steel angle strainer is de- 
signed for service to 1500 psig at 


850 F, cold pressures to 3500 psi, 
water, oil, or gas, in carbon steel, 
and higher pressure-temperature ap- 
plications with chrome-moly steel 
series. They are available in con- 
necting pipe sizes 14 to 3 in. Mc- 
Alear Mfg. Co., 1901 S. Western 
Ave., Chicago 8, IIl. 

Circle 778 on Page 19 


Miniature Thermostat 


for operating temperatures 
to 300 F 


Miniature immersion alarm thermo- 
stat, Model 265, is suited for use in 
liquid-cooled engines and oil-cooled 
transformers. Unit does not impede 
the flow of circulating liquids, can 
be used in conjunction with alarm 
devices, pilot lights, solenoids, and 
relays. Contacts are normally open, 
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REMOTE UNDERWATER MANIP- | 

ULATOR BUILT FOR THE U.S. : . 

NAVY BY THE SCRIPPS INSTI- . 
TUTION OF OCEANOGRAPHY OF al q . 
THE UNIVERSITY OF CALIFOR- Car am 

NIA AND THE HUDSON LABO- A > ~ = 
RATORIES OF COLUMBIA yA _@ * Sapna - 
UNIVERSITY. . s a 


This hardy 
HYDRAULIC 
HEART operates 
efficiently even 
20,000 ft. 
under water 


A RACINE pump actuates the me- 

chanical arm on the Remote Under- 

water Manipulator, a new experimental 

vehicle the U.S. Navy uses to explore 

the ocean floor down to depths of 20,000 

ft. The arm makes all the motions of the 

human arm and hand. It picks up samples 

from the ocean floor . . . assembles and in- 

stalls instruments in the ocean depth, Land- 

based remote controls operate the underwater 
explorer. Rated at 1,000 psi continuous pres- 
sure, the RACINE pump automatically compen- 
sates for the compressibility of oil under various 
sea water pressures, When you need versatile hy- 
draulic components — sturdy and dependable for any 
use from research to assembly line — your best choice 
is RACINE! 


Racine Hydraulics & Machinery, Inc. 


Sa Ct e2@., wiscoOnstwNn 
HYDRAULICS DIVISION 
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NEW NYLAFLOW. 
PRESSURE 
HOSE 


Weighs 1/5 as 
much.,.outperforms 
rubber hose of same sectla 


Polyamide 
Innertube 


Braided hi-tensile Abrasion 
Nylon Bonded resistant 
to Innercore Nylon Cover 


burst strength 


Flexible NYLAFLOW Pressure Hose* is Polymer’s newest answer to 
jobs requiring exceptional resistance to flex and vibrational fatigue. 


Available in burst pressure ratings of 5000 and 8000 psi., and in long, 
continuous lengths and standard inside diameters up to 4"... with 
compact, lightweight, reusable fittings or assemblies if desired. 


Unaffected by flammable and non-flammable hydraulic fluids, hydra- 
zine and other rocket fuels, with excellent resistance to hot paint and 
almost all organic solvents. Freon permeability is approximately 1/10 
that of rubber hose. An excellent non-conductor. 


Odorless, non-toxic, non-corrosive, fungus resistant and will not 
embrittle in storage. Temperature range (—65°F. to +225°F,). 
Flexible but can be permanently heat-formed to small, stress-free 
bend radii. 


NYLAFLOW 
PRESSURE 


TUBING in sizes up to 34"0.D., 
and burst pressure ratings of 
1000 and 2500 psi. Ideal for 
lower pressure requirements. 
Flexible for easy installation 
with standard flare or compres- 
sion fittings. 


Full details and illustrated 
brochures now available 
WRITE TODAY ! 


INDUSTRIAL PLASTICS 


THE POLYMER CORPORATION of PENNSYLVANIA, READING, PA. 


EXPORT POLYPENCO, INC., READING, PA., U.S.A. 


POLYPENCO’ 
wills. 


“Patents applied for 
228 Circle 548 on Page 19 
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closing with rise in temperature. 
The '/-in. pipe-threaded body 
serves as a grounding terminal, and 
over-all dimensions are 2 x % in. 
Units are preset to customer speci- 
fications, and are available for op- 
erating temperatures to 300F. 
George Ulanet Co., 413 Market St., 


Newark 5, N. J. 
Circle 779 on Page 19 


Epitaxial Mesa Transistors 
for high-frequency uses 


Silicon and germanium epitaxial 
mesa transistors are available in 
both switch and amplifier types. 
Electrically equivalent to micro- 
alloy types, they retain the high 
power capability and high reliabili- 
ty normally associated with mesa- 


type transistors. Motorola Semicon- 
ductor Products Inc., 5005 E. Mc- 
Dowell Rd., Phoenix, Ariz. 

Circle 780 on Page 19 


Swivel-Lock Caster 


in one, two, three, or 
four-position lock units 


Improved swivel-lock caster mecha- 
nism is now available, on practi- 
cally all swivel-caster models. Mech- 
anism utilizes spring-loaded-pin stop 
principle, but in addition includes 
a specially formed structural nylon 
cap over which the control lever 
operates with ease and positive po- 
sitioning security. Adopted as stand- 
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as the hawk is by jesses, the 


Douglas A4D Skyhawk bomb 
arming mechanism is leashed 


by one of over 5,000 special bail 


lock pins by Avdel. Special pins 
to your specifications in 4 to 6 
weeks. Standard pins ure now 
stocked for immediate delivery. 


fan A TOES 


210 S. Victory Blvd., Burbank, Calif. 
Circle 549 on Page 19 





Complete reprints of major articles now available from — | DESIGN 


USE THIS FORM TO ORDER YOUR COPIES TODAY! 


Number 
Copies 


—_—ELECTRIC MOTORS 


—___ELECTRONIC AND ELECTRIC POWER 
SUPPLIES 


Price Per 
Copy 


—__HUMAN-FACTORS ENGINEERING 
—___DIRECTORY OF MATERIALS—18th Edition 


—___PRODUCTION CHARACTERISTICS OF 
ENGINEERING METALS 


—___DESIGN MANUAL ON ADHESIVES 
.___NONMETALLIC GASKETS 


__.™_ ADJUSTABLE SPEED DRIVES 
(Electrical, Mechanical, Hydraulic) 


___ADJUSTABLE-SPEED ELECTRIC-MOTOR DRIVES 
___.__SPEED REDUCERS AND GEARMOTORS 
___._INTERNAL COMBUSTION ENGINES 
__™._DESIGN FOR FATIGUE LOADING 


—__._HYDRAULIC SERVO FUNDAMENTALS Vol. I ... 
~.___HYDRAULIC SERVO FUNDAMENTALS Vol. II .. 
~__.HYDRAULIC SERVO FUNDAMENTALS Vol. III .. 
___QUALITY CONTROL METHODS 
____MULTIPLE CIRCUIT SWITCHES 

__ ELECTRICAL CONNECTORS 


__— TRANSACTIONS OF THE FIRST CONFERENCE 
ON MECHANISMS 


__ TRANSACTIONS OF THE SECOND CONFER- 
ENCE ON MECHANISMS 


Number Price Per 
Copies Copy 


beg tice BS OF THE THIRD CONFERENCE 
ON MECHANIS 


—__TRANSACTIONS OF THE FOURTH CONFER- 
ENCE ON MECHANISMS 


—___TRANSACTIONS OF THE FIFTH CONFERENCE 
ON MECHANISMS 


—__—_TRANSACTIONS OF THE SIXTH CONFERENCE 
ON MECHANISMS 


____MECHANISMS FOR INTERMITTENT MOTION . 
—___POLYDYNE CAM DESIGN 

—___EVALUATING ENGINEERS 

—___ENGINEERING MANAGEMENT 

____MEN AND MACHINES 

____DESIGNING WITH TEFLON 

____DYNAMIC SEALS AND PACKINGS 
____MECHANICS OF VEHICLES 

_____TIPS AND TECHNIQUES—VOL. I (Drafting Aids) 
———TIPS AND TECHNIQUES—VOL. II (Engineering 


1.00 


2.00 


1.00 


____PLANNING NEW PRODUCTS 

____DESIGN GUIDE FLEXIBLE COUPLINGS 
—___INSIDE THE ENGINEER 

—___MOBILITY OF CROSS-COUNTRY VEHICLES .... 
_—__HYDRAULIC LINES 

—___1956-1959 DATA SHEETS (each) 

___ THE FASTENERS BOOK 


MACHINE DESIGN 


Reader Service TOTAL COPIES 


TOTAL ORDER $ 








Penton Building 
Cleveland 13, Ohio 


? 


Remittance or Company Purchase Order must be enclosed with order. 


NAME 





COMPANY 





(Add 3% to orders in Ohio 


te cover State Sales Tax) 


ADDRESS 





CITY 
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ard swivel-lock construction, cast- 
ers are produced as one, two, three, 
or four-position lock models to suit 
specified need. Albion Industries 
Inc., Albion, Mich. 

Circle 781 on Page 19 


Silicone Potting Material 


has useful temperature 
range of —65 to +175C 


LTV 602 clear silicone potting and 
embedding compound provides me- 
chanical and dielectric protection 
for electronic components and as- 
semblies. It cures at 70 to 80C to 
a flexible, resilient solid. Cured 
material is self-supporting and non- 
flowing, providing for ease of han- 
dling as well as continual exclusion 
of dust and other contaminating 
particles. Components imbeded in 
the material can readily be identi- 
fied, repaired, or replaced by re- 
moval of a section with a sharp in- 
strument. New material can be 
poured into the cutout section and 
cures without leaving evidence of 
repair. Because of its low viscos- 
ity in uncured form, compound 
flows freely in and around compli- 
cated parts. Delicate parts are not 
damaged by stress during cure. 
Material has excellent resistance to 
thermal shock, moisture, and com- 
plete water immersion. Useful 
temperature range is —65 to +175 
C. Silicone Products Dept., Gen- 
eral Electric Co., Waterford, N. Y. 

Circle 782 on Page 19 


Control Valves 


for pressures from 29 in. Hg 
vacuum to 250 psig 


Mechanically or manually operated 
valves control air, oil, or vacuum. 
They are !/,-in. NPT, two-position, 
balanced-spool valves available in 
normally closed or normally open, 
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SNAP ’EM ON! 


APPLY 


with pressure sensitive backing 


“ HOOK ’EM ON! 


SILICONE RUBBER 
HEATERS 


Light weight, flexible, only .050” thick. Teflon leads standard, 
other types on request. Can be rated at any wattage or voltage. 
Varied heat distribution pattern possible. They are water resistant 
and easily applied to any plane surface. 


For Literature, Send Coupon Below 


WATLOW 


ELECTRIC MANUFACTURING CO. 
1384 Ferguson Ave/st. Louis 14, Mo. 


6035 


WATLOW ELECTRIC MFG. CO. 
1384 Ferguson Avenue 
St. Lovis 14, Missouri 


RSE 
PUD sisi sists 
ADDRESS 
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“Stripped” or cartridge-type 

units for OEM in-line design 

Nine models—11", 13’ and 15” sizes, 
Torque ratings from 235 to 650 Ib.-ft. 
Three types: Converter only; converter with 
oil-actuated disconnect clutch; and con- 
verter with disconnect clutch and lock-up 
direct drive clutch. 


Basic power take-off units 
Three models—13” and 15” sizes. 
Torque ratings from 350 to 650 lb.-ft. 
Svitable for side loads. 


Spacer units for connection 

to transmissions 

Three models—13” and 15” sizes. 

Torque rotings from 350 to 650 lb.-ft. 
Fianged output shaft. 

Available with dummy flywheel for auto- 
motive type clutches. 


Units equipped with front-end 
disconnect clutch 

Four models—13” and 15” sizes. 

Single or double plate clutch. 

Torque ratings from 350 to 650 Ib.-ft. 
Suitable for side loads. 

Optional: Boom lowering freewheel for 
shovels and cranes. 


Units equipped with disconnect 
clutch plus 2:1 ratio reduction gear 
Three models—13” and 15” sizes. 

Single or double plate 11” clutch. 

Torque ratings from 350 to 650 lb.-ft, 
Suitable for side loads. 

Optional: Boom lowering freewheel. 


Sumpless PTO units for power-shift 
transmissions 

Three models—13” and 15” sizes. 

Live power take-off for auxiliary drives, 
Torque ratings from 350 to 650 lb.-ft. 
Flanged output shaft. 

Optional: Rubber block input drive. 


232 

















This chart gives horsepower and speed ratings for all Twin Disc Single-Stage 
Converters. Note that the 1500 Series is furnished in standard and heavy duty 
capacities. The figure 6’ preceding the series number refers to the type of circuit. 


SINGLE-STAGE TORQUE CONVERTERS 


© 95 models 


Virtually any single-stage torque converter requirement 
can be met with one of Twin Disc’s standard rotating- 
housing units. The scope of the Twin Disc line can be 
seen from the summarized listing at left. 

Each converter size—11”, 13” and 15”—has five in- 
terchangeable impellers which vary with respect to blade 
number and pitch so that each has a different torque 
absorption capacity. This exclusive Twin Disc design 
feature provides a 2:1 horsepower spread for each con- 
verter series. It insures correct matching of converter to 
engine and also permits a subsequent increase in engine 
horsepower without dimensional changes in the torque 
converter. 

Twin Disc Single-Stage Converters are available as 
“industrial” (self-contained) units or as “stripped” 
(cartridge type) units for incorporation into OEM 
transmission designs. Complete details are contained in 
Bulletin 510. For your copy, write Twin Disc CLUTCH 
CoMPANY, Hydraulic Division, Rockford, Illinois. 
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DPS.power 
screwdriving 
machines @ 


two, three, cr four-way styles. Man- 
ual and mechanical operators in- 
clude knob operators, lever, clevis, 
roller cam, overriding roller cam, 
foot pedal, treadle, and air opera- 
tors. Valves are designed for pres- 
sures from 29 in. Hg vacuum to 250 
psig. Modular design permits thous- 
ands of variations in valve styles, 
utilizing less than 50 standardized, 
interchangeable parts. Hoffman 
Valves Inc., 2360 W. Dorothy Lane, 
Dayton, 39, Ohio. 
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Bearing Take-Up Frames 


accommodate any bearing 
in two-bolt pillow block 


Multibearing take-up frames are 
available from stock in 11 sizes. 


They accommodate any wee of rive screws and nuts fast... 


with mounting holes to % in. 


, I . Cs 
agin peg nyrase mar-free and accurately 
mount 143 different bearing shaft 
sizes from 5% to 2-7/16 in. diam. 


Mounting pads are easily adjusted Something as small as an inaccurately driven screw or nut can cause parts 
to the mounting holes in the pillow | to be rejected. And that costs you money both in parts waste and time lost. 


block. Mounting flexibility permits | DPS Model U power screwdriving machines drive screws and nuts with 
the accuracy that improves assembly quality, reduces rejects. They give 
you speed, too. Drive up to 40 screws or nuts per minute. 


The Model U is available in two types . . . pedestal and self-contained 
driving head. Both require only a minimum of space and are easily adapt- 
able to your work flow. Feeder mounts on either side of machine column 
for right- or left-hand assembly. Other features include a positive control 
clutch which maintains constant driving torque, motorized hopper drive 
with safety clutch, and fully adjustable feed track and escapement mech- 
anism. 


j DPS Model U drives screws from #6 x %e” long to 4” x 1%” long 
AP a : and can be equipped with 12” or 16” rotary feeders. Write for Model U 
a bulletin. 


each size of take-up frame to accept me 
a wide range of pillow-block bore | H DETROIT POWER SCREWDRIVER CO. 
SiEe8. All-stee] frames have strong | A Subsidiary of Link-Belt Company 

channels that form a rugged box | . 

frame with high rigidity. Link-Belt | Selective Parts Feeders; Screw, Nut and 2801 W. Fort Street 

Co., Dept PR, Prudential Plaza, | Stud Driving Machines; Detroit 16, Michigan 
Chicago 1. Ill r | : Special Purpose Assembly Machines TAshmoo 5-3070 
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MEEHANITE® MEANS BETTER CASTINGS [we 


Operation being per- 
formed is the reading 
of a scintillation count- 
er interpreting radiat'on 
loss from a cobalt cap- 
sule located on the oppo- 
site side of this Mee- 
hanite shielding door 
casting for an Atomic 
Energy application. 


Specify Meehanite® For 
High Density And Solidity 


In Heavy Sections 


Dimensions of the 85,000 Ib. Meehanite casting above are 12'6” x 
12’6” x 12” thick. Specific gravity tests, ultrasonic and radiation 
loss readings verify its uniform and controlled density. 


In massive castings of this type which have a slow cooling rate, 
there is a natural tendency towards a more open structure with 
a corresponding loss in strength. However, in Meehanite castings 
the effect of “mass influence” is minimized through the use of 
constitutional carbide controls which are exclusive to the Meehanite 
Process. Breakdown of structure due to slow cooling is avoided by 
providing a definite degree of undercooling of the graphite to the 
melt. 


In specifying the correct type of Meehanite metal for castings 
with very heavy or very light sections, the effect of mass influence 
should always be considered. 

For detailed information, send for a free copy of bulletin TD-14- 
EFFECT OF MASS INFLUENCE. Write: Meehanite Metal Corp., 


New Rochelle, N.Y. 


MEEHANITE METAL 


Meehanite Castings Are Made Only By Meehanite Foundries 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Reservoir Pen 
has visible ink supply 


Leroy reservoir pen holds enough 
ink to draw a straight line approxi- 
mately 1200 ft. Ink supply is con- 
tained in an airtight, nonporous, 
translucent cartridge, and is always 
visible. Built-in weighted needle as- 
sures clean passage of ink from res- 
ervoir to point. Light vertical 
shaking of the pen sets needle in 
motion, removing particles that may 


have settled in the tube when pen 
is not in use. Needle also provides 
efficient cleaning action when wash- 
ing out the pen. Unit is available 
in seven point sizes from 00 to 
5, and can be used with any Leroy 
lettering scriber. Keuffel & Esser 
Co., Third & Adams Streets, Hobo- 
ken, N. J. 
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Miniature Vacuum Recorder 


is available in 
two pressure ranges 


New vacuum recorder, only 35% in. 
wide x 55% in. high, is suitable for 
bench, desk, or panel-mounted in- 
stallations. Two pressure ranges, 
0 to 1000 micron Hg and 0 to 20 
mm Hg, are available. Reliability 
is excellent since full voltage regu- 
lation is incorporated in the cir- 
cuitry. Gage tubes withstand shock 
and vibration without breakage. All 
tubes are matched and interchange- 
able, without readjustment or re- 
calibration, and incorporate full 
temperature compensation. Opera- 
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Cambridge 
Cambriloy 35-19 
METAL-MESH BELT. 


Fights Flux Attack to Cut Brazing Costs 


Because of the severe destructive effects of flux used in aluminum 
and copper brazing processes, proper alloy selection and quality 
construction are the only answers to long belt life in this type of 
operation. Cambridge Cambriloy 35-19 Metal-Mesh Belts have 
successfully withstood flux attack in many copper brazing in- 
stallations for as long as 6000 hours, giving users continued 
production of quality parts while cutting operating and mainten- 
ance costs. 


There is a complete line of Cambridge Belts in special and 
standard metals and alloys to meet your specific requirements— 
custom built in any weave to insure the most efficient processing. 


Experienced Cambridge Field Engineers—experts in their field— 
are available to discuss your needs and help you select the best 
belt suited to your operations. Or, they can offer you sound 
advice on the installation, operation and maintenance of your 
Cambridge Belts. Talk to your Cambridge man soon. He’s listed 
in the Yellow Pages under “Belting, Mechanical.” Or, write for 
free 130-page reference manual. 


The Cambridge Wire Cloth Co. 
DEPARTMENT N * CAMBRIDGE 3, MARYLAND 


Monufacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts,. 
Wire Cloth, Wire Cloth Fabrications, Gripper® Metal-Mesh Slings 


March 16, 1961 Circle 555 on Page 19 





Now for the first time Perkins 
offers a complete line of stock 
spiral bevel gears with preci- 
sion quality to help you get 
maximum savings in tooling 
expense and gear cost. When 
you're planning for spiral bevel 
gears, design your requirements 
around this Perkins 
stock line . 
it can pay 
you well. 


Perkins stock spiral bevel 
gears have soft bores and may 
be reworked to a maximum 


diameter. 
matched in pairs an 


The 


ears are 
f lapped 


together after hardening for 


smooth running. 


In many 


cases these gears are available 
in left and right hand drives. 
This new line of stock gears 
includes the most commonly 


used ratios and sizes propor- 
tioned according to the 
Gleason Spiral Bevel Gear 


P\) VT, 


Sy 


) 


N 


System. 





PERKINS 


AVAILABLE ON 
REQUEST: 


This new folder 
includes all standard 
specifications of 
Perkins complete 
line of stock spiral 
bevel gears. Write 
for folder No. 13. 


ERKINS 


MACHINE AND GEAR CO. 


WEST SPRINGFIELD, MASS., U.S.A. 
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tion is from 115 v ac, 60-cycle line. 
Chart paper and recorder scales are 
calibrated directly in absolute pres- 
sure units. Calibration is unaf- 
fected by exposure to, or changes 
in, atmospheric pressure. Hast- 
ings-Raydist Inc., Hampton, Va. 
Circle 786 on Page 19 


Ceramic Cement 


retains strength over 
—320 to +1800 F range 


Type 64CP ceramic element bonds 
temperature or sirain-gage trans- 
ducers to metallic or nonmetallic 
surfaces. Properties of the cement 
make it suitable for applications in- 
volving electrical insulation of 
transducers and lead wires, bonding 
components to structures subject to 
mechanical and thermal stress, and 
thermal barrier requiring rigidity 
and strength. Cement retains 
strength and major electrical prop- 
erties over temperature range of 
—320 to +1800 F. It is composed 
entirely of inorganic materials, is 
nontoxic, and chemically inert to 
LOX. Porous and _ hygroscopic 
when hardened, it can be coated 
with silicone varnish to waterproof 
the installation. Trans-Sonics Inc., 
P. O. Box 328, Lexington, 73, Mass. 
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Torque Gages 
are accurate to +1 per cent 


TGRL torque gages measure start- 
ing, stalling, and friction torques 
on small instruments and minia- 
ture motors. Design of the gages 
permits clockwise or counterclock- 
wise torque to be registered in the 
same direction on the same scale. 
Each unit is individually calibrated 
for each application and is com- 
pletely mechanical and nonmag- 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


A eA say 


NO PLACE FOR AN ACROPHOBE 


When first we read of the seven who are 
eager to blaze a route to the stars, we pon- 
dered what we thought of as man’s inborn 
fear of great heights. 

Now we learn that the first of the astro- 
nauts will have a window in his capsule, 
that he will peer down at the spinning earth 
and out at the wheeling stars. 

We are producing these unique, space- 
going viewports for McDonnell Aircraft 
Corporation, prime contractor for the Na- 
tional Aeronautics and Space Administra- 
tion’s Project Mercury capsule. 

The window is an excellent piece of en- 
gineering. Not just because we made it, but 
because it has to be. 

It will take the slams and whams, the 
blistering heat, and the embrittling cold of 
blast-off, orbitation, re-entry, and a soak 
in the briny. All during this it must remain 
transparent, intact, and sealed tight. 

There are four panes to the window. The 
outer two are Vycor® 96% silica glass. 
The inner two are aluminosilicate glass 
specially tempered to phenomenal strength. 

Each pane is ground and polished to the 
precision finish of a telescope mirror. The 
outermost panel curves to the contour of the 
capsule, so it trapezoids from an 11” base to 
a 714” top along a 21” height. 

The glasses present a delicate balance of 
optical qualities, thermal shock resistance, 
and low weight. The last is vital when you 
consider that it takes about 100 gm of fuel 
to orbit 1 gm of payload. 

So, remember, when you see the first 
astronaut smiling quietly, confidently from 
his capsule, you are looking at him through 
Corning glass. 
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HOW ABOUT A DEGREE 
IN MEDICAL ENGINEERING? 


The mechanics of modern medicine are 
fast maturing to the point where some engi- 
neers are specializing in the building of ma- 
chines like this Infant Servo-Controller for 
the Isolette, manufactured by Air-Shields, 
Inc., Hatboro, Pennsylvania. 

This particular machine is used with pre- 
maturely born infants who must keep their 
body temperature at a constant level, but 
lack a well-developed thermal regulatory 
device. 

You attach a thermistor to the babe’s 
abdomen and let him work as his own 
thermostat. He automatically requests heat 
from infrared lamps whenever his skin 
temperature drops below 97°F. When 
things are just right again, he switches off 
the lamps and takes a rest, with the odds for 
survival more in his favor. 

If you’ ve ever tried to unbulb an infrared 
lamp, you know that it gives off direct heat 
as well as IR energy. 


That’s why there are two Pyrex No. 
7740 glass plates sitting on top of the plastic 
chamber in the picture. You can see them, if 
you look closely. The Pyrex plates are 
heat resistant and will also dissipate the di- 
rect thermal output of the lamps. So, the 
plastic forgets the lamps are there. 

As far as the IR energy is concerned, the 
Pyrex plates don’t exist either, so prac- 
tically all the IR gets through to the baby. 

The over-all relationship between IR and 
glass is an odd one. We can give you glass 
which transmits as much as 92% of the IR 
or a glass which transmits as little as 8% of 
the IR. 

Happily for our product specialists, there 
is demand for both situations. We’ve pre- 
pared some bulletins on many of these IR 
characteristics, a copy of which you may 
have by sending the coupon. 


") 


CORNING MEANS 


Company 


Street 


Circle 557 on Page 19 


SOMETIMES GLASS IS 
So OBVIOUS 


Leafing our way through the 4th Annual 
Shirt Issue of “‘Cleaning Laundry World” 
(April 1960), we took note of an advertise- 
ment which concerned a machine which 
displayed a feature which we consider the 
soul of genius. 

The machine is a dry cleaner manufac- 
tured by Detrex Chemical Industries, Inc. 
The feature is a glass-enclosed filter which 
keeps the dry-cleaning solvent cycling un- 
polluted. The soul of genius, to our minds, 
consists of intelligent manipulation of the 
obvious . . . in this case, an application of 
the first known and longest respected of the 
myriad properties of glass . . . to wit, its 
transparency. 

When you locate such a place, it doesn’t 
necessarily take a lot of redesigning of cus- 
tom fabrication to put glass to work, either. 
We checked and found that Detrex, for ex- 
ample, simply orders standard 6” O.D. 
Pyrex brand Heavy Duty Tube for its 
filter wall. 

The result is that the operator of the De- 
trex Cleaner can watch the filter at work. 
He can spot trouble while it’s still potential, 
determine its cause exactly should it occur 
... all without any dismantling or shutdown. 

Is there anything you’re working on that 
you wish you could watch working? If 
there is, and you want to put glass to work, 
you can start by sending the coupon for a 
copy of Bulletin IZ-1, “Designing with 
Glass for Industrial, Commercia!, and Con- 
sumer Applications.” 


RESEARCH IN GLASS 


CORNING GLASS WORKS, 523 Crystal St., Corning, N. Y. 
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PROTECTS against 
overload, jams and 
down time. 


RESUMES THE DRIVE AUTO. 
MATICALLY after overload. 


ELIMINATES SHEAR PINS and lost 


time. 


ADJUSTABLE - WHILE - RUNNING 


feature is available. 


Hilliard Slip Clutches are continuously protecting the drive on dish washing 
machines—printing presses—packaging machines—case loaders—foundry equip- 
ment— air filters—conveyors—overhead doors—and many others. 

They maintain steady torque while permitting speed variation on fabric drying 
drums, steel strip slitters and similar equipment. 


The adjustable-while-running types are used to maintain constant tension on 
rewind stands for paper coaters, textile machines, rope, steel and wire mills and 
for drive systems requiring overload protection but which must be disconnected 
at times. 


veel WRITE TODAY FOR BULLETIN 300 WITH COMPLETE INFORMATION. 


@ OTHER HILLIARD CLUTCHES @ 
CONSIDER AUTOMATION - INVESTIGATE THESE PRODUCTS 


HILLIARD - TWIFLEX 


4 on two speed drives, 
motion, indexing, 5 \ ' dual drives and ratchet, 
cling and cut-off. ; we. or backstop action. 
Ask for Bulletin 239. 4 Ask for Bulletin 231. 


103 WEST FOURTH ST., ELMIRA, N. Y. 
IN CANADA: UPTON e BRADEEN e JAMES, LTD. 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 
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netic. Gages are suitable for meas- 
uring positioning servomotors, de- 
tent-type servomotors, gimbal as- 
semblies, and small gear trains. 
They are accurate to +1 per cent, 
and are available in 5 and T-oz 
models. Eight standard ranges are 
furnished, from 0-2 oz-in. with 14 
oz-in. increments on one scale, to 
a high of 144-216 oz-in. with 14 
or | oz-in. increments on one scale. 
Torque Controls Inc., 829 E. Broad- 
way, San Gabriel, Calif. 
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Dial Indicator 


has accuracy of +0,.00001 in. 


No. 25-106 Dial-Master dial indi- 
cator is designed for applications 
requiring extreme precision, such as 
inspection to laboratory standards 
or laboratory work. Indicator has 
accuracy of +0.00001 in. Widely 
spaced graduations read in 0.00005 
in., and dial reading is 0.0015-0- 
0.0015 in., with a total range of 
0.003 in. Dial indicator is furnished 
with jeweled bearings only. L. S. 
Starrett Co., Athol, Mass. 
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Tracing Vellum 


has high tear strength 
and transparency 


Ozatrace tracing vellum is used as 
a durable tracing paper, and for 
type-on masters for whiteprint, let- 
terpress, or offset reproduction. It 
is available in white with a green 
tint to prevent glare. Formation is 
closed, dense, and uniform to pro- 
vide a good drafting surface, even 
penetration of transparentizer, and 
sharp reproductions. Transparent- 
izer is a water clear, synthetic, 
inert, solid resin. In combination 
with base paper, it transmits light 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 





NORTON LABORATORIES, INC. 


Want less gloss? 


For years we’ve trumpeted the virtues of 
the high gloss that’s characteristic of 
phenolic molded parts. 

Gloss, however, is not always a plus. In 
certain precision instruments, gloss trans- 
lates into glare. Sometimes, too, a con- 
sumer product can gain esthetically from 
the satiny look and feel of a matte finish. 

One custom molder, Norton Labora- 
tories, Inc., has developed a special proc- 
ess for putting matte finishes on compres- 
sion-molded phenolic parts, as on the 
double-duty lamp handle-switch above. In 
some instances, the finish takes the place 
of a painting operation and so lowers cost. 

The plastic molder now supplying this 
type finish is Norton Laboratories, Lock- 
port, N. Y. We suggest that you write to 
them directly for quotations on plastic 
parts you need incorporating this finish. 


Move air at low cost 


Note the economy of design in this blower 
and duct assembly for an automatic wash- 
er-dryer. Why use more pieces when three 
will do? 

Note, too, how economy begets econo- 
my. Very few assembly operations. Few 
rejects, because these phenolic parts can’t 
get bent and won’t warp. No balancing 
needed in the blower wheel, because con- 
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e Matte finish for moided parts 


e Phenolic for blowers 


centricity is molded in. Wobble is much 
less than could be achieved at low cost in 
a metal wheel. 

Phenolic is functionally right for air- 
moving jobs, especially if they also involve 
heat: a small hair dryer, a big circulating 
fan, or just about anything between. In- 
expensive general-purpose molding com- 
pound serves adequately, as a rule: with- 
stands moisture and mild corrosive atmos- 


The different polyester 


Cutting across the currents and counter- 
currents of talk about reinforced polyester 
plastics are two incontrovertible facts: 


. You can get a polyester molding mate- 
rial that’s inherently and permanently 
self-extinguishing. 

. This same polyester can take a baked- 
on finish without suriace craze. 


Its name is Hetron.® The self-extin- 
guishing trait does not come about as a 
result of diluting the plastic’s strength with 
additives. It’s there to begin with, in atoms 
of chlorine welded tightly into the resin 
molecule. That’s why it lasts. 

So much for chemistry. The craze resist- 


e Fire-safe, bakablie reinforced polyester 


pheres; is unbothered by temperatures up 
to 300°F; even resists flame spread; oper- 
ates for years without rattling, drumming. 

Your molder of thermosetting plastics 
can probably help you achieve such econ- 
omy, whether in a blower or some other 
part you’re working on. To get more ideas 
on where and how to use phenolic mold- 
ing compounds, send in the coupon, re- 
questing Durez Bulletin D400. 


ance takes longer to explain, but matched- 
die molders know they can count on it for 
structural shapes that must undergo a 90- 
minute bake at 350°F. 

Superimpose these two truths on the 
other advantages of strong, lightweight 
polyester construction, and you can ap- 
preciate why Hetron is helping so many 
designers give shape to new ideas. This 
luggage pod for a jet airliner is one case in 
point. Others include 65-foot radomes, 
factory skylights, large boat hulls, out- 
board-motor shrouds, chemical ducts and 
vessels, transformer housings, heavy-duty 
switch-gear components. 

If you’d like to know more about this 
versatile material, check the coupon for 
designer’s Hetron data file. 


For more information on Durez materials mentioned above, check here: 
C) Phenolic molding compounds (8-page Bulletin D400) 
() “Durez Plastics News” (a review of current plastics applications, mailed 


bimonthly ) 


C) Hetron polyester resin (data file and list of fabricators) 


Check, clip and mail to us with your name, title and company address. 
(When requesting samples, please use business letterhead) 


DUREZ p.iastics Division 


503-1 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER 





HOOKER CHEMICAL CORPORATION 
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THESE “WIRE-WOUNDS” ARE 
CIRCUIT SHRINKERS..... newy 


expanded line lets AXIOHM® power resistors go into smaller circuits! 


Ward Leonard AXIOHM power resistors 
are now available in seven sizes—down 
to 2 watts, up to 12.5. 

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen- 
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high- 
est stability and maximum overload ca- 
pacity are required. 

The seven AXIOHM sizes come in a 


complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual- 
ities Ward Leonard has made famous in 
power resistors: 

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist- 
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. 





SIZES AND RATINGS 





Rating 


Resistances (ohms) 


Dimensions (inches) 





(in watts) Type 


Max. Length* 





10 
12.5 














5,000 % 
10,000 Vp 
15,000 Me 
20,000 1%, 
25,000 1 
50,000 
75,000 














*Less leads. 


Get complete details in Supplement C to Catalog 15. Write for your copy and a 
list of stocking distributors today. Ward Leonard Electric Co., 58 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 


RESULT-ENGINEERED CONTROLS SINCE 


1892 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS e¢ RHEOSTATS « RELAYS e CONTROLS ¢ DIMMERS 
“Visit us at Booth 2231 at the IRE Show.” 
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rapidly for fast, clear reproduction. 
Slightly textured surface in the base 
paper provides good pencil “take.” 
Surface also accepts drawing ink 
without skipping, feathering, or 
spreading. Pencil lines can be 
erased from one spot at least ten 
times without damage to the draft- 
ing surface, and ink lines can be 
erased at least three times. Vellum 
has high tear strength. It is sup- 
plied in 16-lb weight, in 30, 36, 
and 42-in. rolls, and in all cut sheet 
sizes. Ozalid Div., General Aniline 
& Film Corp., 50 Corliss Lane, 
Johnson City, N. Y. 
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Dual-Trace Oscilloscopes 


have 64 contacts to 
mate with plug-in circuits 


Two dual-trace oscilloscopes, Type 
1120 (portable) and 1120-R (rack- 
mountable), permit the simultaneous 
display of two vertical signals 
against time, against each other 


4 


(X-Y plots), or versus a third vari- 
able fed externally to the X-axis. 
Main-frame indicators have 64 con- 
tacts to mate with plug-in circuits. 
Electronic switching circuitry for 
dual-trace presentations is included 
in the main frame, achieving dual- 
trace presentations with all Analab 
plug-in units. Oscilloscopes have 
a frequency response of de to 500 
ke (3 db) and 10 cm undistorted 
deflection at 1 mec, and sensitivity 
without plug-ins of 40 mv per cm 
and 400 mv full scale. Units are 
designed for safe off-ground opera- 
tion to 500 v de. They are specified 
for high-altitude operation to 10,- 
000 ft. Analab Instrument Corp., 
30 Canfield Rd., Cedar Grove, N. J. 
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Now you will have written 
assurance of quality that adheres 
to your specifications when you 
buy from Quaker State. During 
the melting and through every 
step in processing, QSM metal- 
lurgists and technicians test and 
inspect your order to be certain 
that it is filled according to your 
specifications and will meet our 
exacting standards of quality. 





TESTED FOR POROSITY—One of the 
specific tests metal must meet, the test 
for porosity is made before a rolling 
ingot is cast. It assures you of alumi- 
num that is free of gas pockets that 
would adversely affect the working 
qualities of the finished material. 


QUAKER STATE METALS COMPANY 


Lancaster, Pennsylvania 
A DIVISION of HOWE SOUND COMPANY 


Mill Producers of Aluminum Sheet, Coil, Tubing and Extrusions 
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new 


Impolene 


stabilized polypropylene 





@ 30 to 50 times the life of nylon at 
high temperatures 


@ 30% lower cost than nylon 


, © 2to3 times the tensile strength of 
. polyethylene 


@ withstands 3 to 4 times the work- 
ing pressure of polyethylene 


The introduction of Impolene thermo- 
plastic tubing foretells major improve- 
ments in the transmission of air and 
fluids. This Imperial-Eastman stabi- 
lized polypropylene tubing now has 
many proved uses. Many more await it. 
What’s yours? For complete data, write 
for Impolene Bulletin No. 301. 





IMPERIAL EASTMAN 


| Offices: 6300 West Howard Street, Chicago 48, Illinois 


In Canada: Imperial-Eastman Corporation (Canada) Ltd , P.O. Box 645, Barrie, Ontario 
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@ & Vy CHICAGO FORGING’S 
| THE ENGINEER’S 


IN Ei VW 
Iimpolene 
; P Rubbernek 
with new advantages, 


many new uses FITTING 


High tensile strength. Highest designed de) 
strength-to-weight ratio of all 


thermoplastic tubing. Working | ~ SAVE ON ASSEMBLY 
pressures compare favorably i 


with nylon—are 3 to 4 times | | | Recent Books ABSORB VIBRATION 
greater than polyethylene. i 





Excellent corrosion-resist- Introduction to the Kinematic Geometry 
ance. Resists concentrated hy- | — of Gear Teeth. By Allan H. Candee; 204 UNIQUE, IMPROVED DESIGN 
drochloric acid up to the boiling | | pages, 6'4 by 92 in., clothbound; pub- . 
point. Withstands saline solu- lished by Chilton Co., Book Div., 56th makes Rubbernek the most versa- 
tions at temperatures over 212° and Chestnut Sts., Philadelphia 39, Pa.; tile of fittings. Helps you design 
F. Shows no detrimental effects | available from Macuine Design, $12.50 better pneumatic and fluid cir- 
in boiling sulfuric acid. per copy postpaid. cuits. Provides simplest, fastest 
Wide temperature range. Can ] Principles of gear design are pre- assembly. Gives foolproof seal- 
> — = etl F. _— eb sented with emphasis on gear-tooth tight installations for pressure or 
imes e lite of nyion at eie- ; — ° 
sein Mekedscienin Tanaies Te contact. Only tooth contact be vacuum. Complete line of factory- 
flexible at —-100° F. tween profile curves in cross sections assembled fittings in standard 
Rey SES RGR OTS of _ is considered. Discussion sizes now available from stock. 
High surface hardness gives it [a applies mainly to gears on parallel Test run Rubbernek in your own 
much better abrasion-resistance axes. plant. Consult our engineers 
than most thermoplastics. A graphical method is utilized to 
Ordorless... tasteless ... re- solve problems. It consists of geom- Just 1-2 and you're thru! 
sists sunlight. Approved by the etrical constructions by lines and 
inte _and NSF a — and | points combined with numerical 
rinking water applications. calculations of distances and angles. 
Use Impolene tubing for air Concepts of instant centers and cen- 


lines, control panels, instrumen- 
tation and lubrication systems, ters of curvature are stressed. 


processing and construction ma- 


chinery—many other uses. ; tng the ‘Tethaiesl Confenum. 


Available in 500’ to 1000’ spools | By Herbert S. Kindler; 139 pages, 6, by 
in O.D. from %” to %”. Other 91/, in., clothbound; published by Rein- 
sizes available on special order. hold Publishing Corp. 430 Park Ave 
Poly-Flo Fittings—designed for) | New York 22, N. Y.; available from 
use with all plastic tubing, yet’ Macuine Desicn, $6.00 per copy postpaid. 


+ oe Phe heared = tee Duties and activities of the organ- 
burst strength of tubing. Avail- izing committee are charted and 


able in a complete range f discussed in this working manual. 
of sizes and styles. 3 Aspects of programming, promoting, 
documenting, administering, and 
evaluating various kinds of profes- 
sional meetings are explained. 

Now Imperial-Eastman meets all your re- Key factors that contribute to a 
quirements for hydraulic-p tic-flow successful conference are analyzed 


system components: tube fittings, valves, : : 
couplings, flexible and rigid hydraulic and and interpreted. Unique problems 


pneumatic lines, thermoplastic tubing, tub- posed by the various meetings are 
ing tools. discussed. 


Fuel Cells. Edited by George J. Young, Write for Free 
associate professor of physical chemistry, NEW RUBBERNEK 
Alfred University; 154 pages, 614, by 91, Catalog No. 161 
in., clothbound; published by Reinhold Dept. M. 
Publishing Corp., 430 Park Ave., New 
York 22, N. Y.; available from MacuHine Some choice territories 


f ion. = — 
Desicn, $5.75 per copy postpaid. ne eee 


This book covers design and CHICAGO FORGIN 


principles of operation of hydrox, 


IMPERIAL — carbox, and other types of fuel cells. & MANUFACTURING CO. 


Material is based on a symposium 2004 SOUTHPORT AVENUE 
EASTMAN sponsored by Gas and Fuel Div. of ao, ee 
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It’s practical and economical to produce odd- 
shaped parts on a Fellows Gear Shaper. 

Merely by using special cutters and fixtures on 
standard Fellows machines, an almost limitless 
variety of internal and external contours can be 
generated. In many cases, a single set-up does 
what ordinarily would require several conven- 
tional shop operations, 


GEAR-SHAPER 


And, of course, standard Fellows generating 
equipment also provides high production of in- 
ternal and external spur and helical gears, from 
“miniatures” up to 120 inches OD. 

This versatile production method is fully de- 
scribed and illustrated in “‘The Art of Generating 
with a Reciprocating Tool.” Send for your free 
copy of this informative booklet. 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont, U.S.A. 


Branch Offices: 


THE 
PRECISION 
LINE 


1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J. 

5835 West North Avenue, Chicago 39 

6214 West Manchester Ave., Los Angeles 45 





| Gear Production Equipment 
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American Chemical Society. Con- 
tributing authors examine industrial 
implications of fuel cells as ground 
power supplies, as power supplies for 
mobile engines, and as chemical re- 
actors. 


The Finn Magnus Story. By Mark Hun- 
ter; 485 pages, 534 by 834 in., clothbound; 
published by Odin Press Inc., 122 East 
42nd St., New York 17, N. Y.; available 
from Macuine Desicn, $6.95 per copy 
postpaid. 

This account shows how Magnus 
developed the principles that helped 
him create more than 40 successful 
mass-production items and found 
two new industries. His fundamen- 
tals of product design are explained 
—and demonstrated with actual 
case studies. 


The Measure of Man: Human Factors 
in Design. By Henry Dreyfuss; 34 pages, 
914, by 1234 in., hard cover; published by 
Whitney Library of Design, 18 East 50th 
St., New York 22, N. Y.; $4.95 per copy. 

This publication contains various 
diagrams illustrating the essential 
measurements of the human male 
and female figures. Two life-size 
diagrams are included—one male 
and one female. 

Supplementary information in- 
cludes explanations of measure- 
ments, a checklist, and a_bibliog- 
raphy. Diagrams were developed in 
the course of designing machine 
tools, missile systems, interiors of 
airplanes and marine equipment, 
and industrial and farm equipment. 


Basics of Analog Computers. By T. D. 
Truitt and A. E. Rogers; 400 pages, 6'/, 
by 914 in., clothbound; published by 
John F. Rider Publisher Inc., 116 W. 14th 
St., New York 11, N. Y.; available from 
Macuine Desien, $12.50 per copy postpaid. 

Concepts, devices, and applica- 
tions of the analog computer are 
presented in detail. More than 400 
illustrations pinpoint ideas discussed 
in the text. 

Text material is divided into three 
sections: 1. Analog-computing prin- 
ciples and techniques. 2. General- 
purpose analog computers. 3. Using 
the dc-analog computer. Knowledge 
of computers is not presupposed. 


Introduction to the Statistical Dynamics 
of Automatic Control Systems. By V. V. 
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Sigma brings 


big gun to bear on 


commercial relay field 


There’s a new Sigma relay just coming into 
the picture that’s so disarmingly simple 
in design, construction and operation that 
Believers in Complexity will probably get 
mad when they see it. (After all, if you 
give someone a simple answer to anything 
nowadays they think that you couldn’t 
possibly have understood the problem.) 
But the reaction around here is that the 
designer’s really got something, and there 
was even talk about erecting a small 
monument to him in the parking lot.* 


We were going to call this new general 
purpose AC-DC relay the “Series 90” until 
there was some rumbling in the number 
department, so now it has the much more 
economical, sensibly conservative number 
of 46. It’s an honest-to-goodness good 
heavy duty commercial relay, that will 
switch up to 10 amp, 120-volt resistive 
loads on as little as 200 mw. DC 
or 0.5 v-a AC. What the big sim- 
plicity pitch Means To You is that 
there are so few parts it’s almost 
impossible for anything to get out 
of whack; the few parts it does 


*We decided not to overdo it and gave bim a 
Rolls-Royce instead, 


have aren’t hard to make or assemble 
(translated, $3 or $4 per relay in 
quantity); a big motor and fat DPDT 
contacts efficiently use every bit of the 
volume and give a long mechanical life 
— from 500,000 operations on 10 amp 
loads to 10 million operations at no 
load. Since we hope the “46” will find 
its way into such things as machine tool 
controls, timers and laundry equipment 
(and even smarter Electronic Devices as 
well), the octal plug-in base has the 
same pin connections as the relays al- 
ready sitting in this type of equipment. 
If you want to call this a retrofit, go right 
ahead. That’s it there in the picture, 
in a revealing 1%" x 15%" x 2%" plastic 
enclosure. 


The first few thousand are now begin- 

ning to roll, and while we’re not quite 
ready to talk delivery by the car- 
load, anyone interested in trying 
out 46’s in sample quantities will 
get to sit in the sales manager’s 
padded office for 8% glorious 
minutes. 


Series 46 Relays and otber selected Sigma products and 
personnel on display at booths 2628-2630, New York 
Coliseum, March 20 to 23. Come energize them. 


SIGMA 


SIGMA INSTRUMENTS, INC. 
89 Pearl Street, So. Braintree 85, Mass. 
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SN REVERSING 
TRANSMISSIONS 


5 models 8 and 28 h.p. 
with power packed 
versatility 


forward 


SPECIFICATIONS 


Model No. 5231 5201 | 5108 


1.97:1 | 3.16:1]3.75:1 
Reduction Forward 334-1 


Ratio Reverse 3.37:1 | 3.16:1]3.75:1 
Power Up To 28HP | 28 HP|8 HP 
Max. Input Torque in. Ibs.}| 1000 1000 | 320 
Max. input Speed RPM 2400 2400 | 2400 
Long 15'A6”] 11%" 196” 
Dimensions Wide 14” 134%” 10” 
14%” 14%” 110%" 


|SNOW-NABSTEDT 


Industrial Division 





For Over Half a“Century 
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Solodovnikov; translation edited by John 
B. Thomas and Lofti A. Zadeh; 307 pages, 
54 by 8 in., paperbound; published by 
Dover Publications Inc., 180 Varick St., 
New York 14, N. Y.; $2.25 per copy. 

This book was initially published 
in the Soviet Union in 1952 and 
constitutes one of the first compre- 
hensive treatments of the subject. 

Principles of analysis of linear 
systems, statistics of random signals, 
and theory of linear prediction and 
filtering are covered. Text does not 
include discussions of some of the 
specialized contributions to theory of 
filtering and prediction which have 
been made since 1952. 


Government Publications 


Handbook—Preferred Circuits, Navy 
Aeronautical Electronic Equipment, 
NAVWEPS 16-1-519, Supplement No. 3. 
100 pages, 734 by 10% in., paperbound, 
stapled; available from Superintendent of 
Documents, U. S. Government Printing 
Office, Washington 25, D. C.; $0.55 per 
copy. 

Aim of preferred-circuits program 
is voluntary reduction of unneces- 
sary circuit variations in military 
equipment. This latest supplement 
to preferred-circuits handbook con- 
tains seven germanium-transistor cir- 
cuits, two silicon-transistor circuits, 
and one vacuum-tube instrument- 
servo circuit. 

The germanium-transistor circuits 
are a compatible set of transistor 
digital-logic circuits for use in com- 
puter, control, and communication 
equipment. One silicon-transistor 
circuit is a variable-gate generator 
and the other is a nonsaturating, 
bistable multivibrator operating at 
rates up to 1 mcps. Vacuum-tube 
circuit is a phase-sensitive null de- 
tector for use in servo-control cir- 
cuits. 


Precision Measurement and Calibration: 
Volume I—Electricity and Electronics, 845 
pages, $6.00 per copy. Volume Il—Heat 
and Mechanics, 965 pages, $6.75 per copy. 
Volume III—Optics, Metrology, and Radia- 
tion, 1025 pages, $7.00 per copy. Each 
volume is 9Y% by 11% in., clothbound; 
published by National Bureau of Stand- 
ards, U. S. Dept. of Commerce, Washing- 
ton 25, D. C. 

This three-volume set constitutes 
a reference handbook of the field 
of standards and is composed of pre- 
viously published technical papers 
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VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
© Utilizing the Slide Rule 
© Construction Aids 

© Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated time-and-money saving 
procedures that every engineer 
can use. 


$1.00 a copy 


Order from 
MACHINE DESIGN 
Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 











YOU CAN 
DESIGN-IN 
SPEED 
SELECTION 


d 


Here is a simple low-cost drive package 
for speed adjustment or speed changes. 
For example: a 3 hp. drive* for less than 
$95.00 ! 

The Reeves Vari-Speed Motor Pulley 
provides an infinite selection of output 
speeds within its range, by a turn of the 
wheel. This drive takes up little more 
space than a constant speed motor and 
sheave drive, and is just as easily designed 
into your machinery. 

The Reeves Motor Pulley is compact, 


MINIMUM GOST 


easy to maintain and economical. It uses 
a variable pitch pulley and sliding motor 
base to do the job of expensive gearing or 
complicated electrical devices, and the 
motor pulley gives good repeat accuracy 
on speed changes. 

The condensed specification table below 
gives the standard outside limits of Reeves 
Vari-Speed Motor Pulley performance. 
For detailed data contact your nearest 
Reliance Representative or write for 
Catalog G-101. 


* Consumer net price, including sliding motor base, Reeves variable pitch pulley and drive belt. 





lor 7% 
1% 3 5 orio| 1 


1870 to 1560 to 
245 rpm 235 rpm 


Horsepower y, ¥, 
MOTOR PULLEY (at maximum speed) 2 A 
SELECTION 
3 to 1 Speed Range 
(1800 rpm. motor) 





1560 to 
225 rpm 


1065 to 
375 rpm 


1545 to 
195 rpm 


1435 to 
210 rpm 


1515 to 
200 rpm 


1670 to 
210 rpm 


Available Driven 
Output Speeds 





Motor Pulley Diameter 
(minimum speed setting) 


Motor Pulley Size 
Number 95 96 97 98 99 910 912 


5¥2" 6” TY" 8" 9," 10" 12” 12” 





912-15 



































For quick delivery see your local distributor—check the Yellow Pages, Power Transmission Section. 


ELECTRIC AND e 


4 z L j A A Cc t ENGINEERING CO. 


DEPT. 283A CLEVELAND 17, OHIO ¢ Canadian Division: Toronto, Ont. 
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by the NBS staff. A complete index of 
the entire set by author, subject, and 
title is included in each volume. 

Some specific topics discussed in 
volume I include suggested practices 
for electrical standardizing labora- 
tories, establishment and mainte- 
nance of electrical units, national 
standards of time and frequency in 
the U. S., and testing of electrical 
instruments. 

Specific topics discussed in vol- 
ume II include precision resistance 
thermometry and fixed points, meth- 
ods of testing thermocouples, humid- 
ity standards, and evaluation of re- 
sistance strain gages at elevated tem- 
peratures. 

Specific topics discussed in vol- 
ume III include units and systems of 
weights and measures, optical in- 
struments, design and test of stand- 
ards of mass, absorption of x-rays 
in air, and comparisons of national 
radium standards. 


OTS Technical Reports. Copies of re- 
ports listed below are available from 








Office of Technical Services, U. S. Dept. 
BALLS UNLIMITED __ ® 2: ncs Wahioron 3 0c 
PB 161740. On the Utilization of the Concept 
By F. J. Wilmers and R. F. Lambert, Uni- 
versity of Minnesota; 39 pages, 8% by 10% 
Techniques derived from electrical transmis- 
sion-line theory are employed to measure 
describe oe at the extreme boundaries 
4 of a bar. Similarities and differences between 
special alloy: S ALL SIZES, standard and mechanical and electrical transmission lines 
ed ” ” . 
special, from .005° to 24 or larger—in ex- PB 161755. Damping of Rectangular Plate 
r si Vibrations. By T. 8S. Lundgren, C. C. Chang, 
perimental or mass-production quantities— 20 pages, 8% by 10% In., paperbound, stapled; 
” ° . ° 0.75 per copy. 
to .000010° tolerance if desired, depending P 
type damping mechanism on a vibrating square 
plate. Force exerted by damping mechanism on 
" at center of plate. 
from stock. @ We also make balls with Part B analyzes effect of a damping device 
is a free piston in a closed cylinder attached 
stems, flats, slots, grooves, tapped holes, to center of plate. 
- terial Combinations and Forms. By R. E. 
counterbores, and other secondary opera eee ee ee 
Hinkes, Trionics Corp.; 39 pages, 8 by 10% 
New concepts for novel and unconventional 
material configurations and combinations hav- 
balls. e What can we make for YOU? ing elastomeric characteristics from —70F to 
inorganic materials such as ceramics, glasses, 
BULLETIN BU-1 gives details; lists properties and and metals can be substituted for elastomeric 
uses of STOCK BALLS of 8 materials. Write for it! factors are considered. 
PB 161828. The Explosive Working of Met- 
Test Station; 48 pages, 8 by 10% in., paper- 
bound, side-stapled; $1.50 per copy. 
forming, sizing, shaping, cutting, compacting, 
welding, and other metalworking operations 
or deflagrating explosive are evaluated. 
PB 161972. Fuel Cell Systems. By John E. 
Thermodynamics of six different types of 
fuel cells are discussed: Liquid electrolyte, 
| ion-exchange electrolyte, chemical regenerative, 
; and thermal regenerative. Advantages and lim- 


of Boundary Impedance in Vibrations of Bars. 
We make precision balls of ALL MATE- in., paperbound, stapled; $1.25 per copy. 
RIALS from plastics to carbides, including boundary impedance. Concept is used to 
are discussed. 
and Y. C. Whang, University of Minnesota; 
art A analyzes the effect of an impact- 
on size and material. Many are available slate tn Sdeaiined oe & eovids of bhpeiaed eating 
on vibrations of a rectangular plate. Damper 
PB 161813. Heat Resistant-Elast ric Ma- 
tions—ball segments—hollow and plated in., paperbound, side-stapled; $1.25 per copy. 
1000 F were investigated. Results showed that 
materials if certain design and fabrication 
als. By John Pearson, U. 8S. Naval Ordnance 
ca a Current operations in explosive forging are 
4 eee met, ton 
| performed by energy release from a detonating 
INDUSTRIAL TECTONICS, ING. riermttcs, 350 pte 'Zonn Per 
manufacturers of precision balls and bearings molten-salt electrolyte, consumable electrode, 
BALL DIVISION|3686 JACKSON RD., ANN ARBOR 2, MICHIGAN | itations of these cells are listed. 
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Said Isaac Newton: 
“Every particle of matter attracts every other particle with a force directly proportional to the product 
of their masses and inversely proportional to the square of the distances between them.” 


Until recently, the thrust which propelled rocket vehicles into their coast stage, prior to orbiting, was provided by booster 
stages. The fuel carried by the satellite stage was used only to inject itself into orbit. 

Now, however, a scientist at Lockheed Missiles and Space Division has evolved a Dual Burning Propulsion System 
which allows higher orbits and heavier payloads. With this system, the satellite vehicle fires immediately after the last booster 
stage burns out, thus augmenting the begin-coast speed. Later the satellite stage is re-started to provide orbit injection. 

An even more recent development by Lockheed is a triple-burning satellite stage. This will permit a precise 24-hour 
equatorial orbit, even though the vehicle is launched a considerable distance from the equator. 

These principles have made possible the early development of the MIDAS satellite. Moreover, they substantially 
increase the altitude and payload of the DISCOVERER series. Lockheed, Systems Manager for these programs and for the 
POLARIS FBM,is pursuing even more advanced research and development projects. As a result, there are ever-widening op- 
portunities for creative engineers and scientists in their chosen fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-15C, 962 West 
El Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 


Lockheed /mssues AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA® CAPE CANAVERAL, FLORIDA®* HAWAII 
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Is This Job 


for You? 





BACKGROUND—Recent degree in mechanical or electrical en- 
gineering. About three years of design-engineering experience. 


ABILITIES—Able to evaluate technical information on design 
techniques, new machines, components. Provable ability to write 
clearly and accurately. Should work well with people, have 
initiative and imagination, demonstrate creative as well as prac- 
tical ability. 


ENVIRONMENT—Cleveland, Ohio, with some out-of-town 
travel. As assistant editor on MD’s staff of 21 engineer-editors. 
In Penton Publishing Company, a growth company, with 5 mag- 
azines and some 60 editors. 


COMPENSATIONS—Salary comparable to that in industry. 
Chance to grow within the company. Unusual opportunity to 
broaden education, experience, and contacts. Stimulating work. 


If this appeals to you not merely as a job but as the basis of 
a@ career, write at once (with all pertinent facts) to the Editor, 
MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 





PHILADELPHIA REDUCERS 
keep disaster from Hartford 


Five miles of dikes protect Hartford, Connecticut 
against river heights of 45 ft. Yet excess drainage into 
low lying industrial areas starts at 8-foot levels. Result: 
pumps operate almost continuously . . . 7 days a week! 

Seven pel control pumps for Hartford . totalling 

224,000 gpi are all driven through 450 hp, 1200 

rpm Philadelphia Spiral Bevel Reducers. 

There are three good reasons why Philadelphia Spiral 

Bevel Reducers give extra reliability on any continu- 

ous, heavy duty job. 

1. Spiral bevel gearing is heat treated and hardened 
after it is cut . . . then lapped to a mirror finish for 
perfect tooth contact. 

. Heavy-duty bearings and generous bearing spans 
provide extra rigid mounting and keep bearing 
loads low. 

3. Force feed lubrication. Generous oil reservoir and 
large radiation surfaces mean cooler running units. 

Catalog SB-60 describes our complete line. Write for 

your copy today. 


Philadelphia Spiral Bevel Reducers offer dependable per- 
formance with high efficiencies. Housings are fully enclosed, 
compact and self contained with freedom from oil leakage. 
Note easy accessibility of oil pump, filter, and cooler. 


philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


Suburt 
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(Lway VALVE 
FOR LIQUIDS OR GASES 


LOW HANDLE LOAD 
(ONLY 12 LBS. FOR %2” VALVE 
AT RATED PRESSURE.) 





90° TURN OF HANDLE. 
POSITIVE STOPS ON 
EXTREME POSITIONS. 


DETENT STOP IN CENTER 
{OPEN CENTER OR CLOSED CENTER 
FLOW PATTERNS.) 


STAINLESS CONSTRUCTION 
THROUGHOUT 


This new four-way valve series comes in pipe sizes from 
VY, to 1 inch, but may be obtained with tube, AND 10050, 
or any preferred special high pressure connection. |! will 
withstand surges of up to 15,000 P.S.I. without damage 
to the valve's sealing qualities. It is designed for a burst 
pressure of 30,000 P.S.I. 


No port to port leakage occurs in the detented positions 
because of the exclusive “Shear-Seal”’ design. 


Long, maintenance-free service is assured because the 
optically flat metal to metal sealing surfaces of the seal- 
ing rings and mating rotor faces are protected by staying 
in constant intimate contact; flow is always through the 
center of the ‘‘Shear-Seal"’, never across sealing surfaces 
(as in conventional valve design). Sealing qualities actu- 
ally improve as the self aligning ““Shear-Seals”’ lap them- 
selves to a more perfect fit with each valve operation. 


Of course, there is no external shaft leakage, because 
the pressure is confined to the flow passages. 


iT) | Write for Catalog 59-60 


cont vave BM arksdale valves 


DIVISION 
5125 ALCOA AVENUE @ LOS ANGELES 58 @ CALIFORNIA 
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Regenerative Cooling System 


A regenerative cold trap combines a cooler and a 
reheater in one compact unit and insures that impuri- 
ties in the coolant do not clog the coolant passages. 
Coolant enters the motor-pump through the inlet tube 
and circulates through the pump coolant passages. The 
warm fluid then passes into the cold trap, through 
the filter, and back to the inlet tube. Heat transfer 
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from the warm fluid in the annular coolant passage 
to the cool fluid from the cooling chamber insures that 
the lowest temperature in the system is at the base of 
the cold trap. Thus, any precipitation will occur at 
this point, and coolant passages and bearing surfaces 
are kept free from impurities. Patent 2,964,659 assigned 
to Westinghouse Electric Corp., East Pittsburgh, Pa., 
by Oliver P. Steeie III and Harold F. Kongabel. 


Quick-Response Differential-Pressure Transducer 


A sealed differential-pressure transducer uses separate 
diaphragms to provide accurate measurement of rapidly 
fluctuating pressures. In addition, since system fluids do 





Force rod 


/insulated post 























not enter the transducer housing, the unit can be used 
with corrosive fluids. Displacement of the diaphragms 
is transmitted to force rods acting against a steel pad 
fastened to flat springs. Insulated posts, mounted on the 
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LATEST WORD FROM MARS balance, with new positive finger grip, it’s the newest of many 
is the superb new Technico lead holder—with clear-view degree fine MARS drafting aids—all designed to make your work easier, 
indicator placed right at your fingertips. Contoured for perfect and to make it look better and reproduce better. 


| the famous imported Mars drafting products are: the Mars-Technico push-button lead holders (with adjustable degree indicator* , with specific degree imprint , the economy model*) 
eS umograph a" leads*, 18 degrees, EXB to 9H; Mars-Lumograph drawing pencils, 19 degrees, EXEXB to 9H; Mars-Duralar pencils and leads for dratting on Myiar® - -base draftin ao film 
~—5 special degrees, K1 to K5; Mars-Duralar Technicos with adjustable Duralar degree indicator; Mars-Lumochrom colored drawing pencils, 24 shades. Also: Mars Pocket-Technico for fiel 

Mars pencil and lead sharpeners; Mars Non-Print pencils and leads; Mars-Duralar erasers. Mars products are at better eng: ing and drafting material suppliers everywhere. 


Orm. for duPONT’s Polyester film. *Shown. 


the pencil thats as good as it looks vi r= Poe ae 


J.S. STAEDTLER. INC. 
HACKENSACK, NEW JERSEY 
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It is! This heavy 
duty switch handle 
was formed by 
Titchener from %” 
coiled steel wire. 


Here’s the other end 
of the scale, a small 
lamp guard made 
of .047” round steel 
wire. Electric-welded 
y construction — two 





rings and two legs. 


FULL SIZE 


Our facilities for automatically forming wire com- 
ponents and welding wire assemblies can solve 
problems, save money. All sizes of wire from 3%” to 
.047"— many metals, finishes, too. Engineering con- 
sultation is available for the asking. 


FREE 


design 
handbook 


Write for your copy today! 


«litchener 


AND COMPANY 
65 CLINTON STREET, BINGHAMTON, NEW YORK 
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NOTEWORTHY PATENTS 





spring arms, transmit diaphragm movement to a series 
of bifilar strain-sensitive wires, which form a four-arm 
bridge circuit. Change in wire resistance due to changes 
in wire tension indicates the value of force variations. 
Patent 2,969,514 assigned to Consolidated Electrody- 
namics Corp., Pasadena, Calif., by Gerald R. Curtis. 


Electromagnetic Planetary Transmission 


A small two-speed planetary-gear transmission uses 
an electric coil to select either direct drive or a high- 
reduction ratio. When the coil is de-energized, two 
sun gears are coupled by a disc clutch and rotate 
with the carrier, so that the output shaft rotates at 
the same speed as the driven gear. However, when the 











Gurccnanlh % 











coil is energized, the lower sun gear is locked to the 
flange, and the disc clutch is disengaged. Rotation of 
the carrier causes the planet gear to move around the 
two sun gears. Since the lower sun gear is fixed, mo- 
tion of the output shaft is controlled by the upper sun 
gear. Varying the relative number of teeth in the sun 
gears provides any desired reduction ratio. Patent 2,966,- 
809 assigned to Lear Inc. by Walter F. Derylo. 


Pressure-Tight Pipe Joint 
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Three-piece pipe coupling assembly is held in place 
by pump weight and discharge pressure. The housing, 
threaded for attachment to the pump shell, has an 
annular seat facing the pump. The discharge body, 
telescoped with the housing, has a flange providing 
an annular seat on its upper surface. The gland is 
dimensioned for a slip fit within the cavity provided. 
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The weight of the pump plus its discharge pressure 
cause the housing to move downward with respect 
to the body. This action is translated to the gland as 
a compressive force, to form an effective seal. The 
elastomeric gland forms the only mechanical connec- 
tion between housing and body, thereby insulating 
vibration. The gland is nonconductive. Patent 2,962,- 
304 assigned to The Tait Manufacturing Co., Dayton, 
Ohio, by Kenneth R. Lung. 


Molded-In-Place Plastic Bearing 


A molded bearing of plastic is injected under pres- 
sure within a housing enclosing a member so that the 
plastic conforms to the member and hardens to form 
a supporting backing and a bearing surface. Apertures 
to receive the plastic are located in the bearing housing 





Aperture 











according to bearing type. The techniques can be adapt- 
ed for several bearing forms: Ball and socket, straight 
journal, annular groove, and spline. Patent 2,970,869 
assigned to American Metal Products Co., Detroit, 
Mich., by Paul P. Thomas. 


Wear-Resistant Fluid Seal 


A fluid-seal backup ring, with trapezoidal cross sec- 
tion, rides in a Teflon boot, reducing failures by rubber 
flow and scrubbing. The trapezoidal cross section and 
the extended tapered margins prevent material separa- 














Backup ring 























tion during reciprocating movement by limiting flow 
and scrubbing to the lobe of the base section. During 
shifts in the direction of pressure, the sealing ring moves 
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NEW Grades 
in 
Laminated Plastics 


An Example of 
Synthane You-shaped Versatility 


There are 7 new much-wanted grades of Synthane 
laminated plastics. Four are flame-retardant— 
Grades FR-1, FR-2, FR-3, and FR-4. Three are 
the new high-temperature grades G-3HT, 
ARF-HT and AA-HT. 


These grades add versatility to the variety of 
Synthane grades offered for your convenience 
and from which you may now choose with the 
same confidence you have always had in Synthane 
as a source of supply. 

You-shaped Versatility makes Synthane a Better Buy in Laminates. 


[SYNTHANE 


ol 
CORPORATION LS) OAKS, PENNA. 











Synthane Corporation, 5 River Rd., Oaks, Pa. 
Gentlemen: 

Please send me your Engineering Bulletins on: 
CJ New Flame-retardant Grades C] New High-temperature Grades | 


Name 





Address 





City. Zone State 
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|\\ foe Koro) thee a @res=11 
To. Draw Shapes 
Like These 


Ueto me loyA-1 alae) me) dal-la— 


with POLAR WARE 
Facilities 





Seamless drawn oval con- 
tainer of 20 gauge, type 302 
stainless steel. 


& It will pay you to check out your new design 
ideas with Polar Ware. The chances are good that 
our hundreds of existing dies, plus the facilities of 
our complete tool and die shop, can save you thou- 
sands of dollars in tool cost, plus weeks of waiting 
time. Difficult seamless deep drawing work in stain- 
less steel is our specialty, in gauges from 3 to 30; 
also carbon steel and aluminum. 

Take advantage of our more than 
50 years’ experience in metalwork- 
ing. Without obligation, send your 
inquiry to the Contract Department. 


Polar Ware Co. 


, 4500 Lake Shore Road —Sheboygan, Wisconsin 
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only a short distance before the lobe comes into contact 
with the boot. Thus, rubber flow is reduced to a mini- 
mum, Since the boot is Teflon, scrubbing between the 
ring and boot is insignificant. The special shape of the 
sealing ring also provides more sealing surface than a 
conventional O-ring. Patent 2,968,501 assigned to 
A-P-D Co., Minneapolis, Minn., by Richard E. Tisch. 


Thrust-Absorbing Flexible Shaft Coupling 


A compact splined flexible coupling has built-in 
thrust and journal bearings, and uses a lubricating as- 
sembly that guards against the entry of foreign matter 
into the bearings and splines. The splines are ma- 
chined with enough radial clearance so that some 
angular misalignment can be tolerated. Thrust loads 
are absorbed by a pair of struts, which also can flex 





y 4\hrust bearings 


Stationary bearing eee 


-}— Journal 
bearing 








Splined— . Z ye : Driving 
sleeve i t shaft 








‘Thrust struts 











to absorb misalignment. A stationary bearing pedestal 
carries a journal bearing and a pair of thrust bearings 
and is the main load-carrying member, Oil fed into 
the bearing pedestal is filtered by centrifugal action, 
all foreign matter being collected in sludge chambers 
and ejected. Patent 2,964,929 assigned to General Elec- 
tric Co. by Herbert N. Hoffman. 


Frictional Vibration Damper 








SAAN WOO ww QS ——— 
ailecmeanticiineenadtl r | 
x = peo | 
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ys 
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QAR 
Inertia mass 

















A number of inertia masses interspersed between a 
number of friction plates dissipates vibratory energy 
over a wide range of frequencies. The inertia masses 
and friction plates are housed within the member that 
is to be stabilized and are spring loaded into a pre- 
determined degree of frictional engagement. The masses 
lag behind the motion of the friction plates in an out- 
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of-phase relationship when the housing member is 
oscillated in a direction transverse to its axis. The 
friction created by the relative movement between the 
two elements serves to dissipate the vibratory energy 
of the member in the form of heat. The device is ap- 
plicable to machines incorporating extended overarms. 
Patent 2,960,189 assigned to Kearney & Trecker Corp., 
West Allis, Wis., by John G. Osburn. 


Pre-Positioned Ball Joint 





Bearing ca 


Elastomeric bushing 











A resiliently mounted ball-joint assembly is con- 
structed so that the longitudinal axis of the stud as- 
sumes a predetermined angular position relative to the 
lateral plane of the socket. When an angular force 
is applied to tilt the stud, one of the bearing half- 
shells is moved in one lateral direction and the other 
bearing half-shell is moved in the opposite lateral direc- 
tion against the elastic resistance of an elastomeric 
bushing. Patent 2,970,853 assigned to General Motors 
Corp., Detroit, Mich., by Max P. Baker. 


Springless Fluid Governor 


A pair of rollers positioned radially by centrifugal 
force regulate a springless governor which is extremely 
sensitive to speed changes. Pressure to the device being 
governed is controlled by the size of the variable con- 





Inlet 


Bearing 
member 


Variable 
port 























Roller 
Outlet 











trol port, which determines the amount of system oil 
that is bypassed to the reservoir. Rollers are mounted 
on a pin fastened to a rotating shaft. As speed in- 
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Use of Long-Lok Self-Locking Screws on this Sierra- 
Schroeder Controls Model 74-01B Valve eliminated lock 
wire, provided repeated re-use — simplified field service. 
Long-Lok Self-Locking Screws are used on the housing 
of this valve as well as on the gear train mounting where 
an extremely restricted assembly area makes the use of 
lock wire a time consuming and prohibitively expensive 
operation. 


Long-Lok Self-Locking Screws can speed and improve 
your assembly operatinns — provide important savings 
in time and labor —assure highest reliability. 


Available in all head sizes and styles —have wide tem- 
perature range —qualified to MIL-F 18240 specifications 
— head marked for self-lock identification. 


If you have a fastener problem, Long-Lok can help you. 
WRITE FOR CATALOG LL-61 
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creases, centrifugal force moves the rollers along the 
pin, moving the bearing element right and decreasing 
the port opening. Oil pressure acting in the opposite 
direction on the bearing element tends to increase the 
port opening until a balance point is reached for the 


gether and is designed to fail under excessive axial 
loads. If the driven shaft should suddenly apply 
torque to the driving shaft—due, for example, to the 
failure of an overrunning clutch—the design of the 
coupling jaws would tend to separate the two sections 
of the coupling, shearing the locking pin and discon- 
necting the shafts. Patent 2,964,931 assigned to The 
Garrett Corp., Los Angeles, by Kal K. Sorenson. 





speed of shaft rotation. Patent 2,962,037 assigned to 
International Harvester Co. by John P. Simon. 


Self-aligning Piston Cushion 





Rotary-Shaft Safety Coupling 


Piston, Cushion nose ae bushing 








Shear section 


/ 


























The bushing in a piston-cushioning assembly adjusts 
automatically to allow for misalignment due to wear. 
A small radial clearance between the bushing and its 
housing allows the bushing to shift into line with the 
cushion nose. The chamfer at the end of the cushion 
nose assures smooth action between the nose and bush- 
ing. Patent 2,960,068 assigned to Logansport Machine 
Co. Inc., by Robert E, Becker. 











Two shear-points are provided in a shaft coupling 
to guard against overload damage of either driving or 
driven components. A shear section in the coupling 
body can be made to fail at any predetermined torque. 
A shear pin locks the two sections of the coupling to- 





FOR LONGER HEATER LIFE... 
GF Quality Electric Heating Elements! 


For high quality tubular heating elements, 
designed and built to exacting specifications, 
check the GF line. Available in steel, stainless, 
copper, inconel, incaloy ...in diameters as 
specified up to and including .750” ... with 
wide variety of flanges and heads designed 
to ASA Standards or customer specification. 
Many types of integral thermostatic controls 
offered. 


GF designs and manufactures superior heating 
elements and devices. If not satisfied with 
present heater life, contact GF now! Recom- 
mendations and preliminary engineering serv- 
ice without obligation. 


FITTINGS COMPANY 


RHOOE I!SLANO 


GENERAL 








EAST GREENWICH °* 
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Economically mass 
produced on fully 
automatic patented 


machines, GRC nylon parts © 


are available from stock 
in many sizes and types. 
GRC uses single cavity 
techniques, molds in one 
automatic cycle, gets 
accurate, uniform parts. 


These advantages, these 
economies, apply too, to 
tiny made-to-order parts to 
your specifications . . . 
in quantities of 25,000 to 
many millions. Write for 
bulletin describing GRC's 
unique method for injection 
molding small plastic 
parts or send prints for 


NYLON & Prastic 


parts from G R C 


ti as | 
a 


4 


W 


NYLON SCREWS AND NUTS 


GRC’s complete line of high quality, close 
tolerance molded nylon screws and hex nuts 
include screws in standard commercial heads 
—Phillips or slotted types—in sizes from #4 
thru %”; hex nuts in ten sizes (#2 thru 
5/16”) GRC molded nylon miniature machine 
serews—half the weight of aluminum—in 
sizes as small as #0—make more com- 
pact designs possible. GRC’s single cavity 

Iding techni adds tional uniformity, 
accuracy, economy to nylon’s high strength-to- 





quotations. Ask about our 


b lit- i insulatin 
zinc alley die castings tool weight ratio, built-in electrical insulating 


qualities, stability, resilience and elasticity. 
GRC’s molded fasteners are available in Nylon 
or Delrin in a wide range of types, sizes and 


NO SIZE ‘ i lengths. 
TOO SMALL : 
Maximum: 

1%" long 

—.03 oz. 


Write for sampies, 


Catalog. 


GRIES REPRODUCER CORP. 
World's Foremost Producer of Small Die Castings 
32 Second St., New Rochelle, N. Y. ° NEw Rochelle 3-8600 
See us at the IRE — Booth #4030 
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PAT. PENDING. 


Eliminates leaks in oil, air, Fi 
‘@ 


water, vacuum, chemical lines |} ,,,.,, 


Tru-Seal saves hours in assembling piping Pap md SEAL 


installations because it enables you to fitting as SIDE 


run your pipe lines in any direction you ae y Y 
wish, quickly and easily—without having § hand tight, Y 4 


to recut and re-thread piping sections. 


ae 


— 





Wherever used on air, oil, water, steam, 7 
vacuum or chemical lines, it seals perfectly Se 
at —100° F. to plus 500° F.—without the or fittleg 
use of pipe dope. Its installation requires conan 
only light tightening torque, thus elimi- aoe Point in 
nating over-tightening damage to valves, cues: 
pumps, compressors, and other fittings. 





For further information write 


TRU ‘SEAL DIVISION reset 
FLICK-REEDY CORPORATION leakproof 


assembly 
7NO16 York Rd., 


Bensenville, Hl. } (on'y light 
“*Miller Fluid Power” is also a Div. of Flick-Reedy Corp. 


torque 
required). 
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Sier-Bath Couplings 
Help Clayton 
“BUILD ROADS 
IN MINUTES” 


layton dynamometers, 
“the world’s most widely 
used”, can simulate any road con- 
dition in a matter of minutes and 
completely road test your car without 
leaving the corner garage. 


Standard Sier-Bath flexible couplings are specified on every 
chassis model dynamometer made by the Clayton Manu- 
facturing Company of El Monte, Calif. and Cincinnati, 
Ohio. Their complete line of “Turbo-Closed System” 
dynamometers are world famous for controllability, 
smoothness of operation and long service life. 


Clayton needed a strong coupling to take the stop-start-and 
reversing torques inherent to this application, but the 
coupling had to be small and compact due to space 
limitations. 

Sier-Bath’s unique one-piece sleeve design provides the 
strength Clayton requires and it also eliminates the extra 
bulk and weight associated with split-sleeve coupling 
designs which must be bolted together. 


These product advantages will add to your next design 
when you specify Sier-Bath flexible couplings. 


Get complete engineering information on both standard 
and special Sier-Bath flexible couplings... 


Send For Your Catalog Today. 


1 Gerboth 


GEAR AND PUMP CO., INC. 
FLEXIBLE COUPLING DIVISION 
9254 HUDSON BLVD., NORTH BERGEN, N. J. 





Member A.G.M.A 
Founded 1905 
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FHP motors... engineered 
especially 
for your 
product 


The new RAE M-40 Series, in 3 ratings 
ot 5000 RPM. AC/DC Universal or DC 
Shunt. M-41 and M-42 rated > H.P 
M-43 and M-44 roted 3%, H.P. M-45 
and M-46 rated 1 H.P. Available with 
ony of Rae's gear units. 


motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor. 

RAE offers outstanding service and quality in a 
large variety of motors. Available in voltages up to 
250, and up to 1/2 H.P. (higher for intermittent 
duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers. 

*Send for the ‘‘RAE’’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


Rae MOTOR CORP. 


2009 Kewaunee Street 
Racine, Wisconsin 


AC/DC Universal * DC Shunt Wound « 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 
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ON LAND 
ON SEA 
IN SPACE 
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JERPBAK BAYLESS 





34150 Solon Rd. 
Cleveland 39, Ohio 





ACTUATOR 
SCREW 
and 
NUT 
ASSEMBLIES 





Write For Literature 
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DEUBLIN 
Rotating 


A completely new, 20 

page illustrated catalog-manual 

showing all the models of Deublin Rotating Unions 
for water, steam, air, hydraulic, vacuum and coolant 
service for the machines you make or use, is just off 
the press to help you get trouble-free service anc re- 
duce your “down-time” and keep maintenance to a 
minimum. Shown are rotating joints for water and 
steam service; monoflow and duoflow unions; single 
and double passage rotating air unions; hi-pressure 
lo-torque unions; extra capacity air unions; rotating 
siphon pipe unions; in-the-shaft mounted unions; hy- 
draulic rotating unions and hi-speed coolant unions. 
Complete with full engineering data, cut-away draw- 
ings, plus instructions for installing, lubricating and 

servicing Deublin unions. 


Write for your free copy today. 


DEUBLIN COMPANY 
1923 STANLEY ST. * NORTHBROOK, ILL 
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get the 
att etr 


DEA 
= its 


248 pidge! 

parts, seals; a eat. 
nents from ae ed com- 
pounds, and for specific 
applications only! 


' TETRASEALS 


If you use O-rings, then you'll want to consider 
TETRASEALS for direct O-ring substitution, size 
for size, from *4,” up to 15” ID. These rectangular 
section rings can save you money and render out- 
standing sealing performance in most static and 
some moving applications. Tetraseals use the same 
groove as standard O-rings, requite no special tool- 
ing, and are one-piece (non-laminated). And they’re 
available only from GRC . . . in natural, synthetic 
and silicone rubber compounds to meet MIL, AMS, 
SAE, ASTM and industrial specifications. 


Ask for 12-page pppeneguet on sizes, gr 


RUBBER CO.,INC. | 


1731 S. TENTH ST. e GOSHEN, INDIANA 
Phone KEystone 3-1111 TWX: GOSH 8701 
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DO YOU NEED a Custoneapergned 
alow-cost source | MINIATURE 


of metal fabricating? — METAL. 
BELLOWS. 


DIAMETERS from 0.125”... 
WALL THINNESS to .0008” 


Three large, well equipped plants at Aurora, 
Ill., York, Pa. and Los Angeles geared to 
economical production. Experienced in 
handling thousands of special items .. . 
products, parts, sub-assemblies, merchan- 
dising units, made to 

your specifications. 
Modern equipment 
includes coil steel slit- 
ting, leveling and 


edging, press yy ork, all Servometer’s nickel alloy bellows, designed to your requirements, 
types of welding, elec- range from 1” to 0.125” diameter, in any wall thinness down 
in trostatic finishing. to .0008”. Flexibility is 5 to 25 times greater than bellows 


SHEET METAL Sound design and en- limited to .003” thickness. Superior spring properties, high 
PRODUCTION n a tensile strength, low hysteresis. Cylindrical, conical, dough-nut, 
gineering counsel. kidney, capsule, and other shapes. No tooling charges on-bellows. 

Delivery usually within 30 days. 
Send for16-Page Booklet Applications include hermetic rotary seals, liquid expansion 
It tells All! absorbers, pressure transducers, flexible couplings, aneroids, 


springs, ag veep a or telephone “ technical assist- 
ance, data, Tree Sampie. er sizes on request, 
LYON METAL PRODUCTS, INC. ce 
General Offices, 381 Monroe Avenue, Aurora, Illinois SERVOMETER mT CORPORATION 
siannansscanannannsncanaananaaneananasy 224 Main Ave., Passaic, N. J. , ) PRescott 3-0474 
age 19 
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powders a price tag 
Originally, the part shown (double V pul- 
ley) was designed to be machined from 
steel. But before it was incorporated into a 
new model the Amplexologist was called 
in. Result: the part was designed for 
powder metal and is now produced as a 
finished precision part which requires no 


machining. Estimated saving 82%. Sound 
interesting? Call the Amplexologist! 


AMPLEX 


DIVISION 

CHRYSLER 
CORPORATION 

DETROIT 31, MICHIGAN 


— 


SEND FOR THE SECRET q ENGINEERING MANUAL 2 NEW BEARING STOCK LIST 
OF THE 45 pages of technical information: How 20 pages. 1066 standard sizes of Oilite self- 
to determine correct applications for lubricating bearings— bearing material. 


AMPLEXOLOGI/ST’S SUCCESS powder metal parts, bearings, filters. Selection guide, engineering data. 
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Simplify design, purchasing, production with 


UPHOLSTERED, 
RAFTING CHAIRS 


e 2 inch upholstered seat 

¢ Full swivel seat 

e 2-way adjustable backrest 

eNo_ soiled hands when 
adjusting seat 

Three sizes: 20” to 28’— 
24” to 32’’—28” to 36” 

e Gray, green, beige or brown 

‘ finish 


Also available with round 
metal or woo 
formed plywood or 
hardwood saddle seat. 


FREE TRIAL 


Use an AJUSTRITE chair or 
stool for 30 days without 
obligation. Prove to yourself 
on eoreite aaveste.ees 
A iT ~ offers in com- : ° 

fort, utility and economy. *PDQ means price, delivery, 


Write today—we'll do the rest. . quality. And you get all three 

Sn with Moore Set Screws. The 
scp iaacnameies PRICE is right. Ample produc- 
tion capacity and inventories as- 
sure fast DELIVERY. And rigid 
control standards guarantee 
there’s no skimping on QUAL- 
ITY. Specify Moore Set Screws 
and be sure. Dependable quality 
for over 80 years. 


Send for catalog 





AGL ; TRITE AJUSTO EQUIPMENT CO. oe George W. Moore, Inc. 


° since 1880 
CHAIRS ... STOOLS Bowling Green, Ohio SET SCREWS 93 Beaver St., Waltham 54, Mass. 
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CLO] D RS (GO) NM cliiselelens 


Gold SICON protects the grill and grill pouch of this 
attractive Quaker space heater under temperatures of over 
500°F., without peeling, flaking, powdering or discolor- 
ing. And it will retain its bright appearance indefinitely ! 
Do as Heil-Quaker did. Test SICON .. . up to 1000°F. for 
Sicon-Aluminum or black . . . from 500° to 65°F. in gold 
or other decorative colors. Write for Sicon brochure and 
free sample offer . . . today! Write Dept. C-9. 


SICON, protects and preserves—wherever there is heat. 


Wide selection molded plastic knobs, handles, 
hand-wheels at no tooling charge! Minor 
changes (inserts, threads, color, etc.) to suit 
requirements. Other modifications give your 
part a look of exclusive design at fraction of 
new mold cost! Write for complete illustrated 


J 
catalog, or see Sweet’s Product Design Cata- S a‘ gi 
log File. iieqo}y Hi-Temperature finish 


DIMCO-GRAY COMPANY ff. “ nennanacen tone 


204 EAST SIXTH STREET © DAYTON 2, OHIO 
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Get Easier, More Accurate 
; Cylinder Speed 
Control 


with ® 
| Pneu-Trol 
VALVES 


IN AIR OR 
HYDRAULIC USE 


2,000 (brass 
or aluminum) 
and 5,000 (steel) p.s.i. 


Pnevu-Trol Valves combine in a short, com- 
pact body, a tapered fine thread needle 
for extremely accurate air or oil flow 
control and a floating retro ball check, 
which permits full flow in the opposite 
direction. Retro ball floats in most sensi- 
tive position to seat, requiring only a 
slight differential pressure to fully open 
or close it. Check Valve and Needle Valve 
incorporate single function features of 
Flow Control Valve. All valves available 
in 5 female pipe sizes — Ve" to 3%”. 
Valve bodies are made from brass, alum- 
inum, steel or stainless steel. Attractive 
Prices — Immediate Delivery. 

Write for Illustrated Circular and Price List. 
Single Acting 
Cylinder 
Speed Control. 


{oe 


iil __ 
Inlet speedcontro! for HECK VALVE 
Double Acting Cylinder. 








: ee i " 
me ii 


sini 























NEEDLE 


'|°2925 GRANT STREET 


__|BELLWOOD (Chicago Suburb) ILLINOIS 
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GEARMGTORS 


SPEED UP ra 200 RPM 
* 


POWER UP TO 40 IN. LB. 
e 


OPEN OR ENCLOSED CASE 
om 


CONTINUOUS OR 
INTERMITTENT 
e 


MACHINE CUT GEARS 
e 
FINISH GROUND SHAFTS 
e 


MILLIONS IN USE , 
ss % 
SPECIAL FEATURES ~ 
AVAILABLE 
- 
PROMPT DELIVERY 
a 
SAMPLES AT ONCE 
* 
ASK FOR OUR 
LITERATURE 


MILLIONS OF MOTORESEARCH GEAR- 
MOTORS NOW IN USE! Motoresearch also 
designs and produces high frequency motors, 
generators, rectifier type power supplies and 
other Special Electrical Equipment. We invite 
your inquiries. 


sfoneseAnCH Company 


1600 JUNCTION AVENUE 
RACINE, WISCONSIN 








Designers and Manufacturers of 


Apectoak electrical equipment 
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AVOID COSTLY ERRORS 
WITH GUARANTEED 


Villon ACCURACY 


WHEN YOU... 


Tes!... 


In TENSILE * COMPRESSION 
TRANSVERSE * SHEAR 








MEASURE... 
In TENSION OR COMPRESSION 


CONTROL 
TEMPERATURE 


(FAHRENHEIT-CENTIGRADE) 


Bring ASTM & Federal Accuracy into your own shop 


—at a fraction of outside service charges! 


YOU DON’T HAVE TO BE AN EXPERT to secure EXPERT 
results with Dillon instruments. These precision products are 
calibrated with Certified test weights, elastic proving rings and 
testing machines whose accuracy is directly traceable to the 
U.S. Bureau of Standards! Every desirable feature is included. 
Seldom used, expensive extras are eliminated. In the laboratory 
or on the production line, Dillon equipment will provide you 
with vital test data exactly as you need it— when you need it! 


VALUABLE FREE ENGINEERING BROCHURES Ke 


Write today for ideas on how to safeguard your company 
against costly material and equipment failures! Specify bro- 
chure desired: Model LW Tester () Thermometer () 
Mechanical Force Gauge [) 


TO MEASURE, WEIGH, TEST OR CONTROL — CALL ON DILLON 
... PRECISION INSTRUMENTS FOR 3 DECADES! 


SV II | 
Ci aa € Ora & COMPANY, INC 


DEPT. 115, 14564 KESWICK STREET, VAN NUYS 73, CALIFORNIA 
Representatives in All Principal Cities 
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CSEATCA 


A NEW. DEPENDABLE SOURCE 


FOR CROWN GROUND 


PRECISION GEARS, SPLINES 


EQUITABLE ENGINEERING 


You save space and weight with Ren- 
brandt Miniature Flexible Covplings. They 
have torsional rigidity, angular and linear 
flexibility, low inertia . .. and yet are 
ENTIRELY FREE OF BACKLASH. The 
unique disc-type design assures long life 
at a moderate price. A complete line is 
available for 14g” through 12” shafts in all 
combinations. Many hub styles, including 
clamp and set screw. 

For exacting requir specify Ren- 
brandt Couplings. Prompt delivery on pro- 
totype or production orders. Send for catalog 
or send your requirements for quotes. 





* 





This is a TINYMITE 
Flexible Coupling 


Low cost. No backlash. 
Nylon insulating center 
piece. For manual con- 
trols, tuners, plug-in 
units, sub-miniaturiza- 
tion, etc. 4%” dia. by 

. Std. sizes 


Special sizes avail- 
able. 








Renbrandt, Inc. 

6-D Parmelee St. 
Boston 18, Mass. 
tel: Highlands 5-8910 


Nothing SEALS as 
POSITIVE! 

NYLTITE 

ROLLED NYLON WASHERS 


make a positive seal up to 250°F and can be used 
with any standard fastener including tapping screws 


NYLTITE WASHERS SEAL AND STOP LEAKS 

WITHSTAND PRESSURE UP TO 15,C00 PSI 

RESIST VIBRATION e@ PREVENT CRAZING 

RETARD ELECTROLYSIS AND ARE EXCELLENT 
FOR INSULATING 


(Long, headed sleeves are also available from stock) 


SEND FOR SAMPLES AND LITERATURE NOW! 
_ 2724 NORMANDY ROAD « ROYAL OAK, MICHIGAN: 


| cA citar +-s500 NYLTITE CORPORATION OF AMERICA 


e 
| Member: American Gear Manufacturers’ Association | eS ee cs aa dtc to 





C/G 


@T.M. 








Now you can engineer your precision gear 
and spline jobs to a wide range of crowned 
requirements—with complete assurance of 
having a ready, dependable, high- quality 

source for their production. table’ 
new C/G process is of particular benefit 
in the designing of missile-rocket gear 
boxes and precision flexible spline cou- 
plings. If you’re experiencing a mis- 
alignment problem due to varying 
temperatures or unavoidable loading dif- 
ficulties, contact Equitable’s engineering 
staff today. We’ll be happy to assist you. 





ENGINEERING COMPANY 
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Latest Advance in 


SPRING DESIGN 


NEW 


SANDVIK 
INTEGRAL 


Specify WILBOW for Custom Built BAND 
Rubber Covered Rolls SPRINGS* 


@ WILBOW is fully equipped to recover, or $ Send for 
furnish complete with cores, different types of * New WILBOW Catalog 
rolls; for glass machine, meat packers, squeegee, It will become 
steel mill, feed, tanners, office duplicating, photo- « your handbook of 
copy, paper mill and gypsum board and other rubber goods 
special machinery. 


Roll coverings can be supplied in natural or syn- 
thetic rubber stocks including silicone of various 
hardnesses, compounded to meet your particular 
problems, in various finishes, such as Smooth, 
Crepe, Fluted, Corrugated, Grooved, or with outer 
covering of duck, or in any other finish to better 
serve the purpose for which the rolls are intended. 
Let us know of your roll requirements. Our engi- 
neers will be pleasec: to make recommendations. 


CONVENTIONAL 
SPRING 


@eeeeeseeeeeeeeeseee 


The WILLIAMS-BOWMAN RUBBER Co. 


1951 South 54th Avenue + Cicero 50, Illinois 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- P 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal (61 / VA e Yo u 
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Sauer meee These Advantages: 


CAN BE SAFELY INSTALLED OR REPLACED 
IN SECONDS 


HOLDER OR KEEPER NOT REQUIRED 


MAY ELIMINATE THE NEED FOR BARREL OR 
HOUSING : 


MINIMIZES NORMAL FRICTION 
PROVIDES MORE UNIFORM TORQUE 


PERMITS USAGE OF DIFFERENT SIZES OF 


LAS % SPRINGS IN THE SAME HOUSING FOR 
f Mes} ; ROTARY DIFFERENT REQUIREMENTS | 
hel UNION SAFER TO INSTALL; BOTH ORIGINALLY AND 


“as 
2 FIELD REPLACEMENT 


e 


SANDVik i 
The Rotary Union can be installed at 
any angle without putting strain on sealing surfaces. This, 
plus patented features which automatically compensate for 
machine wear and adjust to fluctuations in line pressure, 
make the Rotary Union the most efficient and most durable 
rotating joint you can buy. 


There is a Rotary Union for every heating or cooling 
application in pipe sizes 1%” through 5”. Write for Bulletin 
700 today. 


*Trade Name—Patented 


“WHERE Good Connections COUNT” 
PERFECTING SERVICE COMPANY, 332 Atando Ave., Charlotte, N.C 


Baltimore—Buffalo—Camden, N. J Chicgo—Cleveland—Los Angeles 
New York—Providence—Montreal—Toronto 
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BRAC K NY LON 
SCREWS 


SEE US Acid resistant... 
AT Need no insulation... 


BOOTH Can't rust... 
4003 Can't corrode... 


L. R. E. @ CUT ASSEMBLY TIME 


SHOW 2-56, 4-40, 6-32, 8.32, 10.32 and 
1/4,-20 in stock. Actual production 

NEW YORK samples will give you the whole 

story. Write on your letterhead. 


ae ee COMPANY 





5715 Northwest Hwy. ° Chicago 46, Ill. 
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Zenith Automatic Control 
Equipment provides a full 
line of the most accurate and 
reliable timing devices avail- 
able to industry. This preci- 
sion-engineered equipment 
features field-proven design, 
simple construction and... 
——— most important... years of 
eas tid completelydependable main- ,Avtomotic 
tenance-free service. 
Whatever your timing re- 
quirement... program, inter- 
val, reset, multiple circuit, 
process or explosion-proof... | 
remember that Zenith is the 
= recognized specialist ... also 
_—— day or calendar switches, au- Sm 
mers . 
tomatic and remote control Psa 
> switches, con- Timers 
i tactors and all ; 
4 types of special 
i electrical control 
“equipment. 
J Write for latest 
: Bulletin 
Explosion- 


Proof See classified telephone 
Timers directory for Factory Representative ulticircuit Timers 
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“TORQUE WRENCH’ MANUAL 


Formulas 
Applications 
Engineering Data 


SENT UPON REQUEST 
Screw Torque Data 


S Turltvan’ 


ADDISON {QUALITY 


Adapter Problems 
General Principles 


Manufacturers‘of over 85% of the torque wrenches used in industry 
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PROBLEM e 


PARTS? MATERIALS? 
COMPONENTS? FINISHES? 


Perhaps one of our advertisers in this issue 
of MACHINE DESIGN has the solution to your 
dilemma. We'll be willing to bet that this 
issue contains information that is essential 
to answering your problem. 


Fill out one of the yellow inquiry cards and 
send it to us. No letter or postage is neces- 
sary. We will forward your inquiry to the 
advertiser and he will reply directly to you. 


Why not do it right now? 


USE THE YELLOW CARD ON PAGE 19. 


Macuine Desicn 








PROTECT VITAL 
~ HYDRAULIC PARTS with 


Seab-Guieid NETALLUC 


ROD WIPERS 


Bronze, knife-edged rings, 

mounted in a synthetic rub- 

ber cushion ring, remove 

rust, scale and foreign par- 

ticles before they can reach 

vital internal parts. The cush- 

ion ring, compressed on as- 

sembly, exerts constant pres- 

sure on the bronze rings. 

Rings will not mar the rod, 

are oil and heat resistant and 

friction-free. Packing failures 

are literally “‘wiped out’! 

Available in standard sizes for % to 6 inch rod diameters. 

Larger sizes up to 24%” diameter by special order. 
Detailed literature on request 
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(OF-¥-1- Wi a f- lee l-lal-te Mm <a 
Crown Lapped and - > 3 
AVAILABLE ¥. ij 
FROM STOCK... © 


tT F-Talor-tge| 
SPIRAL BEVE 


Why wait for delivery on spiral bevel gears? ARROW 
ships from a full stock of common sizes, in ratios: 
ltole2tole3tol e 3 to2 and 4 to3. Gear sizes 
of 1.000 to 13.000 pitch dia. Teeth are precision matched, 
case hardened and crown lapped. Sets are precision 
made, high speed tested. 


WRITE FOR ENGINEERING MANUAL 


ARROW (Fear 


2301 Curtis Street +» Downers Grove, Iilinois 
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Mr. Design Engineer: 


we pull the rug out from 
under rugged problems 


involving 


‘Precision Molded Parts 


Design engineers’ problems involving custom- 
designed, precision molded parts for hydraulic 
and pneumatic systems . . . especially the tough 
ones ... are welcomed at AERO GASKET. Molded 
parts of rubber compounds such as Viton, sili- 
cones, buna N, and Neoprene in an infinite variety 
of shapes and sizes can be supplied for compo- 
nents that must operate at temperatures as low 
as —65°F or up to 600°F. High and low tempera- 
ture plastics such as Teflon and Kel F are also 
used by AERO GASKET in developing molded parts 
that conform to the most demanding tolerances. 
All compounds are controlled by ASTM test 
methods. SEND SPECS AND BLUEPRINTS FOR 
PROMPT. QUOTATIONS. 


MAIL COUPON FOR DATA SHEETS 


THE AERO GASKET CORPORATION 
33 Hanover Street, Meriden, Conn. 


Please send me the Data Sheets describing Aero 
Gasket Precision Molded Parts. 
| am also interested in: 
(0 Precision Metal Parts (0 Seats and Gaskets 
(.] Diaphragms and Diaphragm Assemblies 
name 
company 
co. address 
city zone state. 














S\ AERO Gasket 


Q/ CORPORATION 
Meriden, Connecticut 


DIAPHRAGMS « ACTUATORS « ACCUMULATORS 
METALLIC & NONMETALLIC GASKETS 
CLAMPS OF ALL TYPES AND DESCRIPTIONS 
MOLDED RUBBER PARTS e« METAL 
STAMPINGS ¢ METAL-TO-RUBBER 
BONDING 
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DURATON ROD SEAL IN HYDRO-LINE CYLINDERS 


Here is a new opportunity to reduce 
machine downtime and costs caused 
by cylinder leakage or scoring: 
Hydro-Line’s “Duraton” rod seal — 
exclusive durability formed from 


Viton®, guarded by backup washer 
of carbon-impregnated Teflon. 


Leakproof seal is assured by su- 
perior resistance of “Duraton” rod 
seal-backup washer combination to 
abrasives, corrosives, and pressure. 
Retains effective resiliency at tem- 
peratures to 400°F and higher. 


Compatible with virtually all hy- 
draulic fluids. Resists aging. 


Iron-oxide-colored ‘‘Duraton’’ rod 
seals, Ebalon backup washers, and 
Viton wipers are standard on Hydro- 
Line Series N2 hydraulic cylinders 
to 5000 psi. See your Hydro-Line 
representative for details. 


| “HL 


® Registered trademark of E. I. DuPont De Nemours & Company, Inc. 


5602 PIKE ROAD, ROCKFORD, ILLINOIS, manufacturers of: high- and low-pressure hydraulic cylinders ¢ heavy-duty air 
cylinders « boosters ¢ adjustable-stroke cylinders « dispensing cylinders  single-acting cylinders ¢ rod end couplers 
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MECHANICAL ENGINEERS 


Bausch & Lomb 


There are several openings for Senior De- 
sign Engineers in the Product Design sec- 
tions of our company. 


These positions require board design, co- 
ordination of customer requirements with 
Electrical and Optical Designers, supervi- 
sion of detail draftsmen, assistance to shop 
during construction and assembly as well 
as testing and development work. 


Those who can qualify and are interested in 
real design responsibility are invited to sub- 
mit a resume to: Mr. H. A. Frye, Profes- 
sional Employment. 


Bausch & Lomb 


INCORPORATED 
13 Bausch Street * Rochester 2, New York 
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ENGINEERS 


AVAILABLE OR WANTED 


WANTED: Mechanical Engineer. Mechanical Engineer to 
join an expanding engineering department, specializing in 
the design of twisting, stranding, and cabling machinery. 
Must have experience in the design or maintenance of such 
machines. Position requires creative ability and training nec- 
essary to solve problems arising in such designs. Excellent 
salary. The Edmands Company, 860 Wellington Avenue. 
Cranston 10, Rhode Island. 


AVAILABLE: Design Engineer for board work. Offering you 
competence, ability and twenty years’ experience on design 
of product, power press dies, automatic and other machinery. 
production tools; quality draftsmanship; ingenuity and origi- 
nality on development of ideas. Temporary engagements or 
projects. Fee basis. Any location. Address: Boxholder, 202 
Back Bay Postal Annex, Boston, Massachusetts. 


WANTED: Automatic Assembly Machine Design and De- 
velopment Supervisor. Position for experienced man in the 
design and development of high speed automatic processing 
and assembling machines, having the following qualifica- 
tions: Engineering degree, minimum five years machine de- 
sign experience, minimum four years machine shop experi- 
ence, minimum three years of supervising and administra- 
tion. An excellent opportunity in a key position involving 
the supervision of 12 to 15 machine designers plus the de- 
velopment and assembly shop personnel in a well estab- 
lished company producing automatic machines exclusively. 
Write Box 988 in care of MACHINE DESIGN, Penton Bidg., 
Cleveland 13, Ohio, outlining complete experience and 
educational background. All replies held in strict confidence. 


MacuHInE DesIGNn 


| 
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s packtalk— 


—Approval of Seals 


About a month after our Seals Book was 
mailed, we sent a questionnaire to a cross sec- 
tion of Macuine Desicn readers to learn what 
use was being made of the book and if any- 
body had suggestions for changes or additions 
to future editions. Response was gratifying, and 
we thank everyone who returned a question- 
naire. Special thanks also go to those who sent 
us unsolicited comments. 

Readers told us that they had used the book 
to “get off the hook” on a sealing problem, 
planned to use it in training programs, and 
generally intend to keep it handy. One man 
vows to break the arm of anyone who tries to 
make off with his copy. Such violence is not 
necessary, however, because extra copies are 
available at small cost. 


— Bearings’ Turn 


The third volume in our reference-manual 
series will be the Bearings Book. Like the pre- 
vious handbooks, it has a Design Data section 
and a Product Directory. Seventeen chapters are 
full of information on designing, selecting, and 
applying bearings, and the cross-indexed di- 
rectory lists bearing types, tradenames, and 
manufacturers. 

The Bearings Book is going to press now 
and will be in your bookcase soon. 


—Snow-Blind, Maybe? 


Mr. C. G. Hockett, chief pruduction engineer 
of the Fram Corp., Providence, R. I., writes: 


the description of the “Snowblast” (Feb. 2, 
Page 28) it says that with helical blades revolv- 
ing at a surface speed up to 50 fpm, it provides 
plowing rates up to 30 mph. I can’t accept this. 
At 30 mph, the Snowblast will have moved 
2640 ft while the helical blades have covered 
only 50 ft. 


Indeed, Mr. Hockett, we can’t expect you 
to accept it, and we thank you for reading this 
sentence carefully, which is more than some 
of us did. Obviously, it should have said 50 fps. 

Incidentally, the Snowblast was so interest- 


ing that, besides showing a picture, we decided 
to explore its innards. This is done in accurate 
detail on Page 152. 


—Gravity and Gelt... 


Are you “seriously interested in the appli- 
cation of gravity to practical uses for the benefit 
of humanity”? If so, you are eligible to sub- 
mit an essay to the Gravity Research Founda- 
tion’s 1961 Awards for Essays on Gravity. The 
five best 1500-word-or-less essayists will receive 
from $1000 to $100. Subject should deal with 
the possibilities of discovering some partial in- 
sulator, reflector or absorber of gravity; some 
alloy, or other substance, the atoms of which 
can be agitated or rearranged by gravity to 
throw off heat; or some other reasonable meth- 
od of harnessing, controlling, or neutralizing 
gravity. Essays should be received before April 
15 by Gravity Research Foundation, New Bos- 
ton, N. H. 


... and Cash for Casting 


Another competition with a mid-April dead- 
line is the Annual Doehler Award for outstand- 
ing contributions to the advancement of the 
die casting art. Any individual, group, educa- 
tional institution, or scientific society or com- 
mittee is eligible for nomination. The award 
will be a plaque and at least $500. Information 
is available from Award Committee, American 
Die Casting Institute, 366 Madison Ave., New 
York 17, N. Y. 


—A Goat by Any Other Name 


We see by the News in this issue that com- 
puters are growing more clever all the time. 
However, one that was recently put to work 
as a translator turned out to be somewhat 
short on technical vocabulary. It kept repeat- 
ing the phrase “water goat,” which, of course, 
should have been “hydraulic ram.” 
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RULON’S “Plastic Memory” 
Means Tighter Seals... 
Lower Costs 


RULON (reinforced TFE) parts 

post-formed from tape are ideal for 

seals, packings, rings, etc. because. 

they exhibit no stick-slip and greatly 

reduce starting torque. And unlike 

rubber or leather, 

RULON takes any 

hydraulic fluid — and 

its plastic memory 

insures positive con- 

tact with shafts or 

cylinder walls. Parts 

have infinite shelf 

life, too — completely 

unaffected by 

weather, light or heat. 

Dixon's self-lubri- 

cating RULON gives 

your sealing applica- 

tions all the advan- 

tages of Teflon — low 

friction, chemical in- 

ertness, zero mois- 

ture absorption, ex- 

treme temperature 

range (—400 to +500°F) — PLUS 

a tremendous increase in mechanical 
strength and wear resistance. 

Next time, look at your design 
with RULON in mind. This mate- 
rial is now available with improved 
sealing action and at costs competi- 
tive with leather and rubber. For 
complete data on stamped or post- 
formed parts . . . special reinforced 
fluorocarbons for special needs .. . 
and a wide selection of basic shapes 
in both RULON and Teflon .. . 
see our Catalog in 
Sweet’s Product 
Design File, or write 
for Brochure #9572. 

DIXON CORPO- 
RATION, 100 
BURNSIDE ST., 
BRISTOL, R. I. 


* DuPont T.M. 


DIXON 
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MORE 

THAN 60% 

OF ALL 
GRADUATE ME'’s 


READING 

THIS MESSAGE 
CAN QUALIFY 

IMMEDIATELY 


The spectacular growth of the semiconductor industry 
—doubling in size every three years—depends, to a 
great extent, upon the successful development of many 
unusual types of high speed automatic manufacturing 
and test equipment. 


A high order of engineering innovation is demanded 
by the new and unusual characteristics of semiconduc- 
tors—their small overall size, “‘measured-to-millionths” 
components, contamination safeguards, precise posi- 
tioning and joining, capping, sealing and mass testing, 
to mention only a few. 


As a result, scientists and engineers from many fields 
are finding their skills “convertible” —sufficiently so 
to immediately qualify them for the greater challenges 
and rewards of this growth industry. 


FOR NEW 


The experienced BS or MS Mechanical Engineers we 

seek may now be working in such diverse areas of 

OPENING S automation and control engineering as shoe manufac- 
turing, chewing gum processing, cigarette manufac- 

turing, or industries engaged in high quantity watch or 
small instrument 


manufacturing. 





IN THE 


NOTE ON GROWTH 


General Electric’s Semicon- 


ductor Products Department is 
surpassing the industry growth 
rate—currently undergoing ex- 
pansion which will double its 
professional staff in the next 
two years. During 1961, new 
facilities in Syracuse will be 
completed, increasing our 
space three-fold. 


SEMICONDUCTOR 











FIELD AT 


To apply, or get infor- 
mation on specific op- 
portunities related to 
your background and 
interests, write in con- 
fidence to Mr. J. H. 
McKeehan, Dept. 12-WK 


SEMICONDUCTOR PRODUCTS DEPARTMENT 


GENERAL 


ELECTRONICS PARK 


GENERAL @ 


ELECTRIC 


SYRACUSE, NEW YORK 


% Rotary Wafer Slicing Machine, developed here, cuts thin wafers of silicon or ger- 


d wheels conserve 





manium automatically with extreme r 


ELECTRIC 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 


ducibility. Thin di 
the precious material and raise the yield of wafers per crystal section by 35%. 


MacuHineE DesicN 





‘w 


iali-meaat-le 
a 


fastener 
problem... 


and here’s how 
Pheoll solved it 


It’s no picnic . . . this rising cost of labor and material . . . 

especially to a cost-control engineer. 

However, new ways are constantly being found to improve quality 

while cutting expenses. In this instance a cost-conscious engineer, 

working closely with a Pheoll Sales Engineer, discovered how he 

could save his company money on a brass terminal item. 

The fastener in the picture formerly had a hole drilled laterally 

through the head, into which a wire was inserted and soldered. It 

was necessary also to prevent the terminal from turning as the 

nut was tightened. 

Pheoll facilitated the assembly operation by producing a brass HEADING 
terminal with special lugs under the head to prevent turning... : THE 

and also incorporated a wide slot, instead of a hole, in the head ENLARGEL 

to speed and simplify the wire connection when soldering. FASTENER 
Result was the reduction in cost of producing this fastener by wanatatatichaniel 
66%. One more example of the cost-conscious quality engineering FOR OVER 
. .. custom work you can expect . . . when you bring your 50 YEARS 
fastener problems to Pheoll. 


Pheoll Manufacturing Company, Inc. 
5700 WEST ROOSEVELT ROAD CHICAGO 50, ILLINOIS 
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but not quality 
of universal joint 


Before the development of the constant velocity 
universal joint, transmitting uniform rotary motion 
through a varying angle from shaft to shaft was 
unsatisfactory at best. Now this type of joint has 
hundreds of successful applications, including 
marine and aircraft, road building and mining 
machines, and machine tools. And with Dana 
Corporation’s Con-Vel Division Rzeppa universal 
joints, motion transmission is virtually vibration- 
free. Their disc-type double joint, made from two 
forged and machined single units coupled together, 
had one probem—high manufacturing cost. Dana 
wanted to reduce this cost while maintaining quality. 

After consulting with Timken Company metal- 
lurgists, Dana redesigned and switched to Timken® 
seamless steel mechanical tubing for the double 
outer race of the disc. Savings were immediate and 


sizable. With the tubing, there’s no hole to drill, 
less machining. Quality was maintained and 
strength actually increased because of the fine 
forged quality of Timken rotary-pierced tubing. 

Find out how versatile Timken seamless steel 
tubing—targeted during manufacture to your end 
use—can save you time and money on your hollow 
parts. Write: The Timken Roller Bearing Company, 


enti Bi TIMKEN 
ty OL EEL 


6, Ohio. Cable: 
‘“*TIMROSCO”’. 
Makers of Tapered 
Roller Bearings, 
Fine Alloy Steel 
and Removable 
Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES 


Circle 403 on Page !9 





= 


ae 


